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was  administered  under  the  direction  of  the  AF  Materials  Laboratory,  Wright- 
Patterson  Air  Force  Base,  Ohio,  by  Mr.  C*  L.  Harmsworth,  Project  Engineer. 
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ABSTRACT 


The  purpose  of  this  program  was  to  develop  design  information 
on  four  nickel  and  cobalt  base  alloys  for  inclusion  in  Military  Handbooks 
The  alloys  investigated  were  Rene'  41  ,  L-605,  Inconel  702,  a  ad  Incoloy  901. 


The  mechanical  properties  investigated  were  tensile,  compression, 
shear,  bearing,  creep,  stress-rupture,  and  fatigue.  The  general  results 
obtained  are  presented  in  Section  VII  of  this  report  and  the  data  generated 
for  Military  Handbook-5  are  presented  in  Section  VU1. 

The  raw  data  generated  in  this  program  is  presented  in  Volume  II 
of  this  report. 

This  technical  documentary  report  has  been  reviewed  and  is 
approved. 


Chief,  Materials  Information  Branch 
Materials  Applications  Division 
Air  Force  Materials  Laboratory 
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SECTION  I 


INTRODUCTION 


1 


SECTION  1  -  INTRODUCTION 


1 . 1  Purpose  of  the  urogram 

The  program  objective  was  to  obtain  statistically  sound  'A'  and 
'B*  type  data  on  mechanical  properties  of  nickel  and  cobalt  base  alloys  for 
inclusion  in  Military  Handbook-5.  Three  different  heats  of  each  aircraft 
quality  alloy  material  were  evaluated.  These  alloys  are: 


a . 

Rene'  41 

AMS 

AMS 

AMS 

b. 

L-605 

AMS 

AMS 

c  . 

Inconel  702 

AMS 

d. 

Incoloy  701 

AMS 

5545  -  plate,  sheet  and  strip 

5512  -  bars  and  forgings 

5513  -  bars  and  forgings 

5537  -  sheet 

5759A  -  bars  and  forgings 
5550  -  sheet 

5660A  -  bars  and  forgings 


The  mechanical  property  tests  performed  were  tension,  compress¬ 
ion,  bearing,  shear,  stress-rupture,  creep,  and  fatigue  at  temperatures 
ranging  from  ambient  to  1880°F.  The  data  generated  was  compared  with 
data  obtained  by  means  of  a  literature  search. 


1 . 2  Background 

Although  there  have  been  concentrated  research  and  developmental 
programs  on  other  more  refractory  alloys  over  the  last  few  years,  nickel 
and  cobalt  base  alloys  must  still  be  considered  paramount  for  present  high 
temperature,  load  carrying  applications.  Most  high  strength  refractory 
metals  are  still  in  the  relatively  early  stages  of  development  and  indica¬ 
tions  from  Aerospace  Industry  are  that  it  probably  will  be  several  years 
before  refractory  metals  and  alloys  with  compatible  coatings  will  be  comm¬ 
ercially  available  for  general  use  as  primary  aerospace  structures. 


Dependable  design  criteria  for  nickel  and  cobalt  base  alloys  must 
be  considered  inadequate  in  comparison  with  the  more  common  steels  and 
aluminum  alloys.  A  survey  of  literature  on  the  mechanical  properties  of 
the  subject  alloys  has  shown  a  significant  quantity  of  data  but  very  little 
standardization.  An  examination  of  these  data,  much  of  which  is  producer 
generated,  showed  wide  latitude  in  such  variables  as  (1)  the  stage  of  devel¬ 
opment  of  a  particular  alloy  at  the  time  of  testing;  (2)  heat  treat  condition 
of  material;  (3)  difference  in  nominal  composition;  (4)  sampling  procedures; 
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(5)  sample  preparation;  (6)  testing  techniques;  (7)  testing  environments; 
(8)  correlation  with  gauges,  sized  for  sheet,  bar  and  plate;  (9)  data 

_ 1  A  ^  ft  -  • 

tu  xxx  tx  poim  on  a  curve 


presentation.  anH  (10)  the  number  o*  .. ~ -  j  /i. 


The  hieh  deprpp  of  nwyall  v..-..*  j  i  .♦  *• 

w,  o  -  - w w **%_ v-  04 v. uiujiuc u  uy  me  yurcrait 

and  Aerospace  Industries  requires  an  unprejudiced  look  at  the  reliability 
of  design  allowable  strengths. 
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SECTION  II  -  SCOPE 


tables  Pace 

2.1.1  Table  1,  Material  Rene*  !*1  (6  pages)  6 

2.1.2  Table  2,  Material  L-605  (U  pages)  12 

2.1.3  Table  3,  Material  Incorwl  702  (2  pages)  16 

2.1*1;  Table  L,  Material  Incoloy  901  (3  pages)  16 

2.3  Test  Conditions  21 

Tables  5  thru  16,  (Mechanical  Property  Tests  23 

as  noted,  13  pages) 
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SECTION  II  -  SCOPE 


2.0  Scop^  Discussion 

The  material  data  contained  in  Section  2.  1  herein  provides  the 
pertinent  history,  source,  chemistry,  condition,  and  form  for  all  the 
materials  used  in  the  program.  Each  material  is  listed  with  the  appli- 
cable  specification,  vendor's  name,  and  material  heat  number.  The 
heat  treatment  condition  is  briefly  described  and  the  mechanical  proper¬ 
ties  as  reported  in  the  vendor's  test  report  are  also  included. 

The  scope  of  the  test  materials  program  is  briefly  summarized 
below  as  to  material,  source,  and  number  of  vendor  heats. 


Material 
Rene'  41 
L-605 
Inconel  702 

Incoloy  901 


Number  of 

Source  Vendor  Heats 

General  Electric  Company  14 

Haynes  Stellite  6 

Huntington  Alloy  Prod.  -  Div.  of  3 

International  Nickel  Company 

Allvac  Metal  Company  3 


In  addition  to  the  data  resulting  from  the  test  program,  data  has 
also  been  incorporated  from  Republic's  Quality  Control  .Laboratory  and 
test  reports  of  the  following  vendors: 

Cannon- Muskegon  Corporation 

Universal  Cyclops  Steel  Corporation 

Latrobe  Steel  Corporation 

Firth  Stirling,  Incorporated 

International  Nickel  Company 

Section  2.  2  lists  the  mechanical  properties  that  have  been  determined 
from  each  type  of  test  performed. 

Section  2.3  discusses  briefly  the  test  conditions  and  contains  detailed 
tables  denoting  test  conditions  for  each  type  of  test. 
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Table  1 


2.1  Test  Materials 

2.1.1  Material:  Rene*  41 


Specification: 

AMS  5545  - 

sheet  and  plate 

Specification  Minimum  Properties 

Gauge 

Room  Temp » 

V- 

O 

o 

At  A 
a  \JX  V 

170 

i3G 

.020 

170 

135 

,040  fe  up 

170 

140 

Yield  Strength,  0.2% 

offset 

All 

130 

110 

Elongation,  %  in  2  in. 

All 

10 

3 

Vendor:  General  Electric  Company,  Detroit,  Michigan 


Vendor  Heat  Number  i  R-li# 
HAff'Identif'icatioM  Heat  A 


Chemical  Composition 


Carbon 

0.12 

Cobalt 

11.08 

Sulfur 

0.005 

Titanium 

3.18 

Silicon 

0.07 

Aluminum 

1.50 

Manganese 

0.02 

Boron 

0.0053 

Chromium 

18.69 

Iron 

0.30 

Molybdenum 

9.7U 

Nickel 

Balance 

Heat  Treat  Condition  -  Ae  Received  1975^  water  quench 

HiOO°F  for  16  hours  and  air  cool 

Vendor  Test  Report 


Form 

Test 

Temp.^ 

Bit.  Tensile 
St renet h-KSI 

0,2*  Yield 
Strengt  h-KSI 

%  Elong. 
2  In. 

0.010  In.  Sheet 

Room 

203.3 

165  .U 

17.0 

111  00 

15U.1 

130.1 

6.0 

0.020  In.  Sheet 

Room 

mm 

m 

Hi  00 

- 

- 

O.QltO  In.  Sheet 

Room 

20U.9 

159.6 

18.0 

lUoo 

16U.3 

138.3 

17.0 

0,0d0  In.  Sheet 

Room 

189.7 

156.7 

lli.O 

liiOO 

l61t.li 

137.8 

19.0 

*0.375  In.  Plate 

Room 

196.U 

Hi7.6 

22.U 

* 

liiOO 

155.3 

123.7 

9.7 

1.00  In.  Plate 

Room 

188.0 

13U.0 

Hi.  7 

lli  00 

150.9 

111.5 

10.3 

*1975°F  for  2  hours 

and  water  quench  Ui00°F  for  16  hours  and  air 
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TABUS  1  (coat'd) 


Chemical  Composition 
RAC  Identification*  Heat  B 


Vendor  Heat  Numbers 


R-2UB 

R-329^22 

R-27M 

RJ*02 

SA2J 

Carbon 

oai 

0.06 

0.06 

0.06 

0.10 

0.10 

Sulfur 

0.006 

0.007 

0.006 

0.006 

0.007 

0.006 

Silicon 

0.08 

0.07 

0.08 

0.06 

0.08 

0.09 

Manganese 

0.07 

0.03 

0.05 

0.0U 

0.03 

0.0b 

Chromium 

19.28 

18,81* 

19.09 

19.2b 

18.92 

18.98 

Molybdenum 

9.60 

9.75 

9.83 

9.71 

9.83 

9.89 

Cobalt 

10.93 

11.0b 

10.85 

10.98 

10.93 

11.06 

Titanium 

3.10 

3.23 

3.1b 

3.11 

3.06 

3.13 

Aluminum 

Uhl 

i.5o 

l.Utt 

1.55 

l.bO 

l.b2 

Boron 

0.00b 

0.00b 

0.00b 

0.005 

0.00b 

0.005 

Iron 

0.30 

0.30 

0.30 

0.30 

0.89 

1.18 

Nickel 

Bal, 

Bal, 

Bal. 

Bal. 

Bal. 

Bal. 

Vendor  Test  Report 


Form 


Vendor 
Heat  No* 


Test 

Temp.°F 


Ult,  Tensile  0.2*  Yield  %  Elong, 


0.010  In, 
Sheet 

R-329-22 

Room 
lb  00 

Q.020  In, 
Sheet 

R-2b8 

Room 

lbOO 

O.ObO  In, 

#  Sheet 

R-27b-8 

Room 
lb  00 

0.080  In, 
Sheet 

R-279-b 

Room 
lb  00 

*#0.375  In. 
♦♦Plate 

R-b02 

Room 

lbOO 

199.6 

136.9 

10.0 

lbl.2 

135.U 

b.O 

20b  .9 

163.3 

20.0 

11*6.6 

121.6 

5.0 

192.2 

13b. 7 

17.0 

156.8 

127.9 

b.O 

202.8 

159.3 

22.0 

15  8, b 

113  ,b 

9.0 

192,2 

139  J* 

32.8 

150.2 

112.7 

16.1 

1.00  In,  R-b03  Room  195.8  lb6.3  23.2 

Plate  lbOO  152.8  121.0  11.6 


*  19?5°F  end  water  quench  1975°F  for  30  mins,  and  air  cool 

lbOO°F  for  16  hours  and  air  cool 

#*  1975°F  for  2  hours  and  water  quench  lhOO°F  for  16  hours  and  air  cool 
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fiau  i  (cest 1  d) 


Chemical  Composition 
RAC  Identificationt  Hast  C 


Vendor#  Heat  Numbers 


*»332 

tt-317  R-274 

R-286 

R-bO^ 

R-b02 

Carbon 

0.06 

0,0? 

0.06  0e06 

0,07 

0,10 

0,10 

Sulfur 

0.005 

0.007 

0.007  0.006 

0.006 

0.006 

0.007 

Silicon 

0.08 

0.07 

0.07  0.08 

0.07 

0.09 

0.08 

Manganese 

o.o5 

0.03 

o.oi  o.o5 

o.ob 

0.0b 

0.03 

Chromium 

19.13 

18.93 

19.  Ob  19.09 

19.02 

18.98 

18.92 

Molybdenum 

9*82 

9.62 

9.70  9.83 

9.89 

9.89 

9.83 

Cobalt 

11.06 

11.06 

11.06  10.85 

11.03 

11.06 

10.93 

Titanium 

3.13 

3.18 

3.1b  3.1b 

3.16 

3.13 

3.06 

Aluminum 

l.bb 

1.5b 

1.U6  l.bb 

1.1)7 

l.b2 

l.bo 

Boron 

0.00b 

o.oob 

O.OObb  0.00b 

o.oo5 

0.005 

o.oob 

Iron 

0.30 

0.30 

0.30  0.30 

0.30 

1.18 

0.89 

Nickel 

Bal. 

Bal. 

Bal.  Bal. 

Bal. 

Bal. 

Bal. 

Vendor  Test  Report 

Vendor 

Test  Ult.  Tensile 

0.2%  Yield  %  Elong 

Form 

Heat  No, 

.  Temp.°F  Strength-KSI 

Strength-KSI 

2  In. 

0.020  In.  Sheet 

R-317 

Room 

201.9 

136.3 

23,5 

lb  00 

1U6.9 

120.0 

3.0 

•  O.ObO  In.  Sheet 

R-27U 

Room 

192.2 

13b. 7 

17.0 

lbOO 

156.8 

127.9 

b.O 

0.080  In*  Sheet 

R-286 

Room 

203.3 

179. b 

21.0 

lbOO 

160.8 

136.3 

8.0 

0.375  In.  Plate 

R-b03 

Room 

195.0 

138.3 

32.1 

lbOO 

lb8.7 

116.1 

13.5 

1.00  In.  Plate 

R-b02 

Room 

188.0 

132.8 

19.7 

lb  00 

lb8,0 

110.8 

9.3 

*  1975°F  and  water  quench  191$°F  for  30  mins. 

and  air  cool 

liiOO°F  for  16  hours  and  air  cool 
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Table  1  (cont'd) 


Material:  Rene*  41 

Specification:  AMS  5713  •  bar  and  forgings 

Specification  Minimum  Properties: 


Room  Temp . 

1400  F 

Tensile  Strength  ksi 

170 

135 

Yield  Strength,  0.2%  offset 

130 

105 

Elongation,  %  in  4D 

8 

5 

Vendor:  General  Electric  Company,  Detroit,  Michigan 


Vendor  Heat  Numbers  R-U20 
%AC  identifications  Heat  E 


Chemical  Composition 


Carbon 

0.0 9 

Cobalt 

10.92 

Sulfur 

0,006 

Titanium 

3.09 

Silicon 

0.09 

Aluminum 

1.50 

Manganese 

0.03 

Boron 

0.006 

Chromium 

18,96 

Iron 

1.01 

Molybdenum 

10.02 

Nickel 

Balance 

Heat  Treat  Condition  -  A a  Received  19?5°F  for 

Lt  hours  and  water  quench 

li*00°F  for  16  hours  and  air  cool 

Vendor  Teet  Results 

Test 

Ult.  Tensile  0,2%  Yield 

%  Elong. 

Form 

Temp.°F 

Strength-KSX  Strength-KSI 

2  In, 

0,500  In,  Bar 

Room 

203.0 

155.2 

23.0 

litOO 

166,0 

127.0 

10.8 

1,00  In,  Bair 

Room 

196,8 

Dt9.8 

21.1 

litOO 

162,5 

122.3 

12,2 

*  1"  x  3*  Forging 

Room 

201.0 

I5t«li 

22.U 

* 

liiOO 

I53.it 

127.1 

9.0 

*  191$°?  for  2  hours  and  water  quench  1L»00°F  for  16  hours  and  air  cool 


Stress  Rupture 

Form 

Test 

Temp.°F 

Stress-KSI 

Life-Hours 

*  SlQflSi 

0.500  In.  Bar 

1350 

85.0 

8U 

32.6 

1.000  In.  Bar 

1350 

85.0 

103 

25.0 

1"  x  3"  Forging 

1350 

85.0 

115 

lij.3 
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t  1  /-  —  i.  •  i' 

kMtfUH  A  ywvui  UJ 


Vendor  Beat  Number »  R-383 
Identification i  Heat  F 

Chemical  Composition 


wa  vvu 

0*11 

Cooait 

11.10 

Sulfur 

0.006 

Titanium 

3.09 

Silicon 

0S08 

Aluminum 

1.4? 

Manganese 

6^06 

Boron 

0.0032 

Chromium 

18.63 

Iron 

1.U6 

Molybdenum 

9.57 

Nickel 

Balance 

Heat  Treat  Condition  -  As  Received  1975°F  for  U  hours  and  water  quench 

1U00°F  for  16  hours  and  air  cool 

Vendor  Test  Report 


Test 

Ult.  Tensile 

0.256  Yield 

Form 

Temp,°F 

Strength-KSI 

Strength-KSI 

0.500  In.  Bar 

Room 

199.5 

lli6.8 

ill  00 

155.0 

119.1 

*  1.00  In.  Bar 

Room 

190.0 

Hii.5 

Hi  00 

155.8 

117.5 

1"  x  3"  F orging 

Room 

198.0 

lli6.8 

lii  00 

lltf.O 

119.U 

*.1975°for  2  hours  and  water  quench  liiOO°F  for  16  hour#  and  air  cool 
Stress  Rupture 


Temp.°F  Streas-KSI  Life~Hours  $  Slone# 


0.500  In.  Bar 

1350 

85.0 

82 

15.9 

1.00  In.  Bar 

1350 

85.0 

6U 

5.1 

l!l  x  3"  Forging 

1350 

85.0 

92 

iO 


TABU  1  (cont'd) 


Vendor  Heat  Number i 

R4»10 

RAC  icientificationi 

Heat  0 

Chemical  OnmpnHi+.ioi: 

Carbon 

0.07 

Cobalt 

in  oft 

Sulfur 

0.006 

T it  anium 

*3^09 

Silicon 

0.07 

Aluminum 

1.U9 

Manganese 

O.Qli 

Boron 

o.ooliU 

Chromium 

19.02 

Iron 

0.J46 

Molybdenum 

9.9U 

Nickel 

Balance 

Heat  Treat  Condition  —  As  Received  1975®F  for  li  hours  and  water  quench 

lhOO°F  for  16  hours  and  air  cool 

Vendor  Teat  Report 


Form 

Test 

Temp.°F 

Ult.  Tensile 
Strength-KSI 

0,2#  Yield 
Strength-XSI 

%  Elong. 

2  In. 

*  0.500  In.  Bar 

Room 

196.0 

135.5 

26.2 

Hi  00 

160.6 

118.5 

11.5 

1.00  In.  Bar 

Room 

m.o 

ulu.5 

21.5 

III  00 

163.0 

122.0 

12.9 

*  1"  x  3"  Forgine 

Room 

203.0 

152.2 

26.U 

lliOO 

152.5 

119.2 

9.U 

*  1975°F  for  2  hours  and  water  quench  lii00°F  for  16  hours 

Stress  Rupture 

and  air  cool 

Form 

Temp«°F 

Stress-KSI 

Life-Hours 

%  Elong, 

0,500  In.  Bar 

1350 

85.0 

106 

10.7 

1,00  In.  Bar 

1350 

85,0 

39 

10.1 

1"  x  3"  Forging 

1350 

85.0 

67 

6.2 

Table  2 


2.1.2  material;  L-605 

Specification:  AMS  5537A  -  Sheet  and  Plate 

Specification  Minimum  Properties: 


'Tensile  Strength,  ksi 

130 

Yield  Strength  0,2%  offset 

,  ksi 

55-80 

Elongation.  %  in  2  in. 

0;O?-0 

30 

0.040 

40 

over 

0.040 

4*S 

Vendor:  Haynes  Stellite  Comp<n  y ,  Kokomo,  Indiana 


Vendor  Heat  Number: 

12-1787 

Hast  A 

Cheat  leal  Composition 

Chromium 

19.91 

Nickel 

10.3U 

Tungsten 

1U.U1 

Manganese 

1.52 

Iron 

1.97 

Phosphorous 

0.011 

Carbon 

0.11 

Sulfur 

0.010 

Silicon 

0.U8 

Cobalt 

Balance 

Hast  Treat  Condition 

-  As  Ra calved 

22$0°F  for  two  (2)  hours  and  watsr  quench 
Vendor  Test  Report 

Test  Ult.  Tensile  0.251  Yield  %  Elong. 
_ Form  flamp.°F  Strength-KSI  Strength-KSl  2  In. 


0.020  In.  Sheet 
O.OitO  In.  Sheet 
0.080  In.  Sheet 
0.375  In.  Plate 
1.00  In.  Plate 


Room 

136.95 

71.2 

15.0 

Room 

136.25 

65.25 

51.0 

Room 

139.2 

66.15 

58.0 

Room 

m 

- 

- 

Room 

113.55 

67.75 

60.0 

12 


Vendor  Heat  Number;  L2-1782 
RAC  Identification; _ Heat  13 


TABLE  2  (cant'd) 


Chemical  Composition 


Chromium 

19.91 

Nickel 

10-01 

Tungsten 

in. 79 

Manganese 

l'.h7 

iron 

2.13 

Phosphorus 

0.035 

n  • 

uox  uuri 

0.10 

Sulfur 

o.oih 

Silicon 

0,60 

Cobalt 

Balance 

Heat  Treat  Condition  -  As  Received  2?50°F  for  2  hours  and  water  quench 


Vendor  Test  Report 


Form 

Test 

Temp.°F 

Ult.  Tensile 
Strength-KSI 

0.2#  Yield 
Strength-KSI 

%  Elong* 

2  In. 

0.020  in.  Sheet 

Hoorn 

137.75 

72.3 

l)5.o 

0.01)0  In.  Sheet 

Room 

1L2.8 

67.25 

55.0 

0.080  In.  Sheet 

Room 

31)0.3 

65.25 

58.0 

0.375  In.  Plato 

Room 

lliO.O 

68.55 

55.0 

1.00  In.  Plate 

Room 

lUU.li5 

67.85 

60.0 

Vendor  Heat  Numbers 

L2-1751* 

RAC  Identifications 

Heat  C 

Chemical  Composition 

Chromium 

Tungsten 

Iron 

Carbon 

Silicone 

20.85 

15.06 

2.17 

0.31 

0.58 

Nickel 

Manganese 

Phosphorus 

Sulfur 

Coba3.t 

9.91 

1.55 

o.ll 

0.18 

balance 

Heat  Treat  Condition 

-  As  Received  2250°F  for  2  hours  and 

water  quench 

Vendor  Test  Report 

Form 

Test 

Temp.°F 

Ult,,  Tensile 
Strength-KSI 

0.2#  Yield 
Strength-KSI 

%  Elong, 

2  In. 

0.020  In.  Sheet 

Room 

1)j0,3 

70.15 

1)6.0 

0.01)0  In,  Sheet 

Room 

Hilu7 

69.li 

52.0 

0.000  In,  Sheet 

Room 

31)2.95 

6?.l5 

57.0 

0,375  In,  Plate 

Room 

11)0.750 

69.0 

55.0 

1.00  In.  Plate 

Room 

11)2.5 

67.75 

62 
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Table  2  (cont'd) 


Material:  L-605 

Specification:  AMS  5759B  •  Bar  and  Forgings 

Specification  Minimum  Properties: 

Tensile  Strength,  ksi  125 

Yield  Strength  0,2%  offset,  ksi  45 

Elongation.  %  in  4P  30 


Vendor:  Haynes  Stellite  Company,  Kokomo,  Indiana 


Vendor  Heat  Number:  L2-1756 
RAC  Identification:  Heat  E 


Chemical  Composition 


Chromium 

20.53 

Nickel 

9.81 

Tungsten 

15.31 

Manganese 

1.1:9 

Iron 

1.97 

Phosphorus 

0.013 

Carbon 

0.11 

Sulfur 

0.012 

Silicon 

0.51 

Cobalt 

Balance 

Heat  Treat  Condition 

-  Ae  Received  2250°F  for  2  hours 

and  water  quench 

Vender  Test  Report 

Test 

Ult.  Tensile  0.2*  Yield 

*  Elong, 

Fora 

Te«ip,°F 

Strength-KSI  Strength-KSI 

.2  In.  . 

0,500  In,  Bar 

Room 

1,00  In,  Rar 

Room 

1"  x  3*  Forging 

Room 

lii2,l  70.  L  5 

58.0 

Vendor  Heat  Number: 

L2-1729 

tUC  Identification: 

Hast  F 

Chemical  Composition 

Chromium 

20.37 

Nickel 

9.97 

Tungsten 

15.08 

Manganese 

1.U0 

Iron 

1.98 

Phosphorus 

0.013 

Carbon 

0.09 

Sulfur 

0,013 

Silicon 

0.56 

Cobalt 

Balance 

Heat  Condition:  As  Received 

2250°F  for  2  hours 

and  water  quench 

Vendor  Test  Report 

Test 

Ult.  Tensile  0.2*  Yield 

*  Elong. 

Form 

Temp.°F 

Str^ngth-KSI  Strength-KSI 

2  In. 

0.500  In,  Bar 

Room 

lLU.35  69,6 

UO.O 

1,00  In,  Bar 

Room 

Uil.3  70.0 

59.0 

1”  x  3”  Forging 

Room 

1 1*1.5  71.85 

6l,0 
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TA*LE  2  (cont'd) 


Chemical  Composition 
Chromium 

r.  Vn 

*  Wii^y  uuu 

Iron 

Carbon 

Silicon 


L2-1737 

Heat  Q 

19.95 

Nickel 

10.05 

Manganese 

1.37 

1.91 

Phosphorus 

0.012 

0,10 

Sulfur 

0,01? 

0.62 

Cobalt 

Balance 

Heat  Treat  Condition  -  As-Received 
225G°F  for  2  hours  and  water  quench 
Vendor  Test  Report 


Form 

0,500  In.  Bar 
1,00  In,  Bar 


Test  Ult.  Tensile  0*2%  Yield 
Temp,  y  Strength-K5I  Strength-KSI 


%  Elong. 
1  In. 


oom 

Room 


1"  x  3'1  Forging  Room 


1314.65  66.2  60 
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2.  1,  3  Material:  Inconel  702 

Specification:  AMS  5550  -  Sheet 

Specification  Minimum  Properties: 

Tensile  Strength,  ksi  125 

Yield  Strength,  0.2%  offset,  ksi  60 

Elongation,  %  in  2  in,  0.010  17 

0.020  17 

0.040  25 


Vendor:  Huntington  Alloy  Products,  Div.  Internation  Nickel, 
Huntington,  W,  Virginia 


Vendor  Heat  Number:  HI  580liD 

RAC  identification?  Heat 

A 

Chemical  Composition 

Carbon 

O.Oti 

Copper 

0.06 

Manganese 

0.07 

Chromium 

15.35 

Iron 

0.71 

Aluminum 

3.02 

Sulfur 

0.007 

Titanium 

0.53 

Silicon 

0.17 

Nickel 

Balance 

Heat  Treat  Condition  «  As 

Received  1975 °F  for  l/2  hour  and  air  cool 

Hi00°F  for  5  hours  and 

sir  cool 

Vendor  Test  Report 

Test 

Ult.  Tensile 

0.2*  Yield 

*  Elong, 

Form  Temp.°F 

Strength-KSI 

Strength-KSI 

2  In. 

0*010  Room 

139.0 

80.5 

28.0 

0*020  Room 

Hil.O 

77,0 

35.0 

O.ObO  Room 

Vendor  Heat  Number:  HT  58070 

HAC  Identification:  Heat  B 

Chemical  Composition 

Carbon 

0.03 

Copper 

0.06 

Manganese 

0.06 

Chromium 

XU.6U 

Iron . 

0.37 

Aluminum 

3.10 

Sulfur 

0,007 

Titanium 

o.5l 

Silicon 

0.21 

Nickel 

Balance 

Hee.t  Treat  Condition  -  As 

Received 

Vendor  Test  Report 

Test 

Ult,  Tensile 

0.2*  Yield 

*  Elong, 

Form  Temp*0** 

Strength-KSI 

Strength-KSI 

2  In. 

0.010  Room 

136.0 

78.0 

29.0 

16 


TABLE  3  (coat'd) 


Vendor  Heat  Number t 
B TP.  TiCn 3  j  __ . 

OUAVIll 


HT  58o6D 

rt _ a.  n 

iioaii  w 


Chemical  Composition 


Carbon  o.Ob 

Kanganese  0.06 

Tron  0.37 

Sulfur  0.007 

Silicon  0.18 


Heat  Treat  Condition  -  Ab  Received 


Copper 

0.07 

Chromium 

lli.80 

Aluminum 

2.99 

Titanium 

0.52 

Nickel 

Balance 

Vendor  Test  Report 


Form 

Test 

Temp.°F 

Ult.  Tensile 
Strength-KSl 

0.235  Yield 
Strength-KSI 

%  Elong, 
2  In, 

0.010 

Room 

13U.0 

79.0 

26 

O.OljO 

Room 

Ui3.0 

85.0 

35 
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TABLE  L 

2,1.4  Material:  Incoloy  901 

Specification:  AMS  5660A  -  Bar  and  Forgings 

Specification  Minimum  Properties: 

Tensile  Strength,  ksi  150 

Yield  Strength,  0.2%  offset,  ksi  100 

Elongation,  %  in  4D  12 

Vendor:  Allvac  Metals  Company,  Monroe,  North  Carolina 


Vendor  Heat  Number:  5036 
identification:  Keat  E 


Chemical  Composition 


Carbon 

0.066 

Titanium 

2.67 

Sulfur 

0.012 

Aluminum 

0.13 

Manganese 

0.05 

Boron 

0.013 

Silicon 

0.06 

Copper 

0.05 

Chromium 

12. U1 

Nickel 

U3.20 

Molybdenum 

6.1h 

Phosphorus 

0.01 

Cobalt 

0.18 

Iron 

Balance 

Heat  Treat  Condition  - 

Hardness:  Rc  35-38 

As  Received 

2000°F  for  2  hours  and  water  quench 
Dj50°F  for  2  hours  and  air  cool 
13259F  for  21:  hours  and  air  cool 

Vendor  Test  Report 

Test 

Form  Tenp*°F 

Ult,  Tensile 
Strengtb-KSI 

0,2*  Yield 
Strength-KSI 

*  Elong. 
1.0  In. 

0.500  In.  Bar 

Room 

192.5 

116.0 

19.8 

1.00  In.  Bar 

Room 

182.5 

116.0 

19.8 

1"  x  3”  Forging 

Room 

169.9 

111.6 

19 

Stress  Rupture 

Test  Specimen: 

Form 

0.252  in 
Test 
Temp,°F 

comb,  smooth  and 

Stress-KSI 

notched  bar 

Life  Hours 

*  Elong, -1,( 

0.500  In.  Bar 

1200 

80.0 

190.ii 

28 

1.00  In.  Bar 

1200 

80.0 

190.2 

28.1 

lw  x  3"  Forging 

1200 

80.0 

128.1: 

20.0 

Hardness 
Tested  Rc 

3U 

3U 

32.5 


Ilk 
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TABLE 


4  (coat'd) 


Vendor  Heat  Number  t  3161a 
RA(J  Identification!  Hast  F 


Chemical  Composition 


Carbon 

0,061  } 

Titanium 

2.95 

Sulfur 

0,008  V 

Aluminum 

0.22 

Manganese 

0.06 

Boron 

o.oiU 

Silicon 

0.08 

Copper 

O.Oli 

Chromium 

12.26 

Nickel 

la3.25 

Molybdenum 

6.20 

Phoephorue 

0.007 

Cobalt 

0.08 

Iron 

Balance 

Heat  Treat  Condition  - 

'  As  Received 

2000°F  for  2  hours  and  water  quench 
lla50°F  for  2  ho’irs  and  air  cool 

Hardness*  Rc  32*»37»5 

1325°F  for  21|  hours  end  air  cool 

Vendor  Test  Report 

Test 

Ult.  Tensile 

0,2%  Yield 

%  Slcng,  Hardness 

Form  Temp.°F 

Stren&th-KSI 

Strength-KSI 

1.0  In.  Tested  Rc 

0«500  In.Bar  Room 

185.0 

120.3 

Ha.O  36 

1,00  In,  Bar  Room 

185 .0 

120.3 

llx.O  36 

lwx3w  Fotf4ig  Room 

183.1 

127,1a 

18.1a  37.5 

Stress  Rupture 

Test  Specimen:  0.262 

corto.  smooth  and 

notched  bar 

Test 

Form  Temp^°F  Stress-KSJ. 

Life  Hours 

%  Elong.  1.0  In. 

0.500  In.  Bar  1200 

8  0.0 

158.9 

16 

1,00  In.  Bar  1200 

80 .0 

158.9 

16 

1  “  x  3"  Forging  1200 

80.0 

L95.7 

5.1  Did  not  fail 

19 


TABLE  4  (coat'd) 


Vendor  Heat  Number:  3192 
RAC  I dent if ic at ion t  Heat  Q 


Chemical  Composition 


Carbon 

0.057 

Titanium 

2.60 

Sulfur 

0.009 

Aluminum 

0.23 

Manganese 

0.0$ 

Boron 

0.018 

Silicon 

0.03 

Copper 

0,05 

Chromium 

12.28 

Nickel 

1*2.68 

Molybdenum 

6.10 

Phosphoruo 

0.007 

Cobalt 

0.12 

Iron 

Balance 

Heat  Treat  Condition  -  As 

Hardness*  He  33-3U 

Received  2000°F  for  2  hours  and  water  quench 

1U50°F  for  2  hours  and  air  cool 

132  5°F  for  2li  hours  and  air  cool 

Vendor  Test  Report 

Form 

Test 

ISEEjl* 

Ult.  Tensile 
Strength-KSI 

0.256  Yield 
Strength-KSI 

%  Elong.  Hardness 
1.0  In.  Tested-iic 

0.500  In.  Bar 

Room 

167.2 

109.3 

22.0  32.5 

1.00  In.  Bar 

Room 

167.2 

109.3 

21.6  32.5 

1"  x  3W  Forging 

Room 

16U.5 

103.5 

21.0  30.5 

Strese  Rupture 

Test  Specimen* 

0,25?  comb,  smooth  and  notched  bar 

Form 

Temp.°F 

Stress-KSI 

life  Hours 

%  Elong.  1,0  In, 

0.500  In.  Bar 

1200 

80 

102 

26.0 

1.00  In.  Bar 

1200 

80 

102 

25.6 

1"  x  3"  Forging 

1200 

80 

108 

19.0 

t 
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2.2  Mechanical  Properties  Determined 


The  various  mechanical  properties  determined  from  each  type  of  test  per- 

_ _ r.li - 

ivi  iiivu  ax  c  xuiiuwa: 


1.  Tensile  Tests  -  Sheet  and  Bar 

a.  Ultimate  tensile  strength 

b.  Tensile  yield  strength 

c.  Elongation 

d.  Modulus  of  elasticity 

2.  Compression  Tests  -  Sheet  and  Bar 

a.  Compression  yield  strength 

b.  Modulus  of  elasticity 

3.  Bearing  Tests  of  Sheet  -  e/D  =  1.  5  and  e/D  =  2 

a.  Ultimate  bearing  strength 

b.  Bearing  yield  strength 

4.  Shear  Tests  -  Sheet  and  Bar 

a.  Ultimate  shear  strength 

5.  Creep  -  Sheet  and  Bar 

a.  Percent  deformation  versus  time  as  a  function  of 
temperature  and  stress 

(i.  Stress-Rupture  -  Sheet  and  Bar 

a.  Time  to  fracture  as  a  function  of  temperature  and  stress 

7 .  Fatigue 

a.  Stress  versus  number  of  cycles  to  failure,  as  a  function 
of  temperature  and  stress-ratio 


2.3  Test  Conditions 


Room  and  elevated  temperature,  tension,  compression,  bearing,  and  shear 
mechanical  property  data  for  both  the  longitudinal  and  transverse  directions  for  each 
material  in  air  atmosphere.  The  range  of  elevated  temperature  data  was  from  400°F 
to  1800°F,  in  increments  of  200°F.  Data  on  the  effects  of  exposure  in  air  at  tempera¬ 
tures  from  400°F  to  1800°F  for  times  of  10,  100,  500,  and  1000  hours,  were  com¬ 
piled  from  tests  at  exposure  temperature  and  at  room  temperature  after  exposure. 

Creep  test  data  was  obtained  at  temperatures  1000°F  through  1800°F  ir.  air 
atmosphere.  Sheet  test  specimens  were  in  the  transverse  direction  only.  Creep 
deformations  of  0.05,  0. 1,  0.3,  0.5  and  1%  were  obtained. 

Stress-rupture  data  was  compiled  at  temperatures  of  400°F  through  1800°F, 
and  for  lives  of  0. 1,  1,  100,  and  1000  hours. 

Axial  fatigue  test  data  was  obtained  at  room  temperature,  and  at  elevated  tem¬ 
peratures  from  400°F  to  1800°F  in  increments  of  200CF.  The  data  includes  lives  of 
100  cycles  through  107  cycles,  and  at  stress  ratios  of  A  =  >  ,  2.  0,  0.98,  0.07,  and 
0.  25  where: 


2  1 


^  _  Alternating  Stress 
Mean  Stress 

All  alloy  materials  under  this  contract  were  tested  in  the  '  'is  received"  con 
ditions  (described  in  Section  n  -  Test  Materials),  except  Rene1 41  AMS  5712.  Finished 
test  specimens  were  fabricated  from  the  AMS  5712  alloy  material,  and  subsequently 
aged  at  140(rF  for  16  hours  and  air  cooled  prior  to  testing.  In  all  other  instances, 
with  the  exception  of  exposure  tests,  there  was  no  further  thermal  processing. 

Test  conditions  for  the  complete  program  are  shown  in  Tables  5  through  16. 
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Half  of  these  tests  ere  in  the  transverse  direction*  All  other  tests  are  in  the  longitudinal 
direction* 
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ELEVATED  TEMPERATURE  CREEP  TESTS 
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Half  of  these  tests  are  in  the  transverse  direction.  All  other  tests  in  longitudinal 
direction* 
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TABLE  12 


EXPOSURE  TESTS 


-  Material1 

Teet^  Type  &  Fora 


Tenwion 


Sheet 

n 

(l-6os) 


«040  Sheet 

tSSttit 

(L-605)  St 

0,5  Bar 
(incoloy 
901) 


»080  Sheet 


Compression  ,040  Sheet 
(Renrf  Ul) 
(L-605) 


Shear  ,040  Sheet 

RUnT-liJ 

(L-605) 


*080  Sheet 
ffterWli) 

(L-605) 


Bearing  .,040  Sheet 

(e/d-1.5)  &li)' 

(1^605) 


,090  Sheet 
(Rene'lil) 
(]>-60^) 


Tim  and  Temperatures 


10 

100 

Joo 

1000 

1800 

1800 

1800 

1800 

1600 

1600 

1600 

1600 

1U00 

moo 

1200 

moo 

1200 

1800 

1800 

1800 

1800 

1600 

1600 

1600 

moo 

1600 

moo 

1200 

1000 

800 

600 

1*00 

1800 

1800 

1800 

1600 

1600 

1600 

moo 

1800 

1800 

1800 

1800 

1600 

1600 

1600 

moo 

1200 

1800 

1800 

1800 

1800 

1600 

1600 

1600 

moo 

1200 

1900 

1800 

1800 

1800 

1600 

1600 

1600 

moo 

1200 

1800 

1800 

1800 

1800 

1600 

1600 

1600 

moo 

1200 

1800 

1800 

1800 

1800 

1600 

1600 

1600 

moo 

1200 

Total  Tension  Test 
Total  Compression  Tetts 
Total  Shear  Teste 
Total  Bearing  Teste 
MINIMUM  TOTAL  TESTS 


Tests/Alloy 

U-i  M<(  MlMt 
*  »*•«  • 

Total  Tests 

R.T  . 

R.T. 

Exp.T 

12 

12 

24 

24 

12 

12 

24 

2b. 

9 

9 

18 

18 

6 

6 

12 

12 

12 

12 

36 

36 

12 

12 

36 

36 

6 

6 

18 

18 

3 

3 

9 

9 

-> 

3 

9 

•*» 

> 

3 

9 

0 

3 

3 

9 

9 

3 

3 

9 

9 

9 

9 

16 

18 

9 

9 

18 

18 

3 

J 

6 

6 

12 

r  n 

m?. 

24 

24 

9 

9 

18 

18 

3 

3 

6 

6 

3 

3 

6 

6 

12 

12 

m 

24 

9 

9 

18 

18 

3 

3 

6 

6 

3 

3 

6 

6 

12 

12 

•24 

24 

9 

9 

18 

18 

3 

3 

6 

6 

3 

3 

6 

6 

12 

12 

24 

24 

9 

9 

18 

18 

3 

3 

6 

6 

3 

3 

6 

6 

12 

12 

24 

24 

9 

9 

18 

18 

3 

3 

6 

6 

3 

3 

6 

6 

R.T. 

Exp,  Temp. 

255 

255 

51 

54 

108 

108 

108 

108 

525 

525 

TAB LX  12 (coat'd) 


tana*  41  taatad  aa  AMX5S4S  Aga 
L-605  taatad  aa  AMS5537A 
Incoloy  901  taatad  aa  AMS5660A 


All  taata  In  tha  tranavaraa  dlractlon 


TABUS  13 


STATIC  PROPERTIES  OF  INCONEL  702 


Number  of  Tests  Per  Temperature 


SIZE  & 

SHAPE 

7QP  F1 

UOCfF 

600°F 

8oo°f 

1000° F 

12GC°F 

1U00°F  loOCpF 

iSOCrV 

TOTAL 

TENSION: 

"WSErip 

GO* 

- 

10* 

- 

10* 

- 

10* 

10* 

100 

.020  Sheet 

GO* 

- 

10* 

- 

10* 

- 

10* 

10* 

100 

.QUO  Sheet 

GO* 

10* 

10* 

10* 

10* 

10* 

10*  10* 

10* 

1L0 

TOTAL  TENSION 

M 

COMPRESSION  i 

.020  Sheet 

Go* 

- 

- 

- 

mm 

- 

- 

- 

60 

.OUO  Sheet 

GO* 

10* 

10* 

10* 

10* 

10* 

10*  10* 

10* 

lUo 

TOTAL  COMPRESSION 

200 

SHEAR: 

,020_ Sheet 

GO* 

mm 

3 

•m 

5 

- 

5 

5 

80 

.0U0  Sheet 

60* 

5 

5 

5 

5 

5 

5  5 

5 

100 

TOTAL  SHEAR 

180 

BEARING: 

(e/D  -  1.5) 

.020  Sheet 

30 

- 

- 

- 

3 

- 

3 

3 

39 

,0U0  Sheet 

GO* 

10* 

10* 

10* 

10* 

10* 

10“-  10* 

10* 

1U0 

(e/D  -  2.0) 

.020  Sheet 

30 

- 

- 

- 

3 

- 

3 

3 

39 

.QUO  Sheet 

60* 

10* 

10* 

10* 

10* 

10* 

10*  10* 

10* 

1L0 

TOTAL  BEARING 

col 

v\ 

^  All  room  temperature  tests  are  equally- 
divided  between  three  (3)  heats  of 
material  with  the  exception  of  the  bear¬ 
ing  tests  on  ,020"  sheet. 

*  Half  of  tests  in  transverse  direction. 
All  others  in  longitudinal  direction. 
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TABLE  14 


TYPE  GF 
TEST 


TENSION* 


COMPRESSION* 


SHEAR: 


BEARING: 
(e/D  -  1.5) 


EXPOSURE  TESTS  ON  INCONEL  702* 


SIZE  &  TIME  gr  'W’PERATURE2  SPECIMENS  TC  bE  TESTED 


SHAPE 

10 

100 

500 

1000 

R.T. 

Exp.  T. 

.005  Strip 

1800 

1600 

1600 

1800 

12 

12 

1600 

1600 

1600 

1600 

12 

12 

UiOO 

UiOO 

moo 

9 

9 

1200 

1200 

6 

6 

#OU0  Sheet 

1800 

1800 

1800 

1800 

12 

12 

1600 

1600 

1600 

1600 

12 

12 

moo 

UiOO 

6 

6 

1200 

3 

3 

1000 

3 

3 

800 

3 

3 

600 

3 

3 

Loo 

3 

3 

.OUO  Sheet 

1800 

1800 

1600 

1800 

12 

12 

1600 

1600 

1600 

9 

9 

moo 

3 

3 

1200 

3 

3 

•  OliO  Sheet 

1800 

1800 

1600 

1800 

12 

12 

1600 

1600 

1600 

9 

9 

moo 

3 

3 

1200 

3 

3 

.0^0  Sheet 

1800 

1800 

1800 

1800 

12 

12 

1600 

1600 

1600 

9 

9 

moo 

3 

■> 

> 

1200 

3 

3 

TOTAL  KX PC-SURE 


165  165 

R.T.  Exp,  T„ 


-  All  tests  in  longitudina]  direction. 
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TABLE  15 

CREEP  TESTS  ON  INCONEL  7021 


I 


SIZE  & 

FORM 

1000°F 

12000? 

.005  Sheet 

k 

u 

.020  Sheet 

- 

- 

.OUO  Sheet 

h 

h 

HiOO°F 

16000F 

1800°F 

TOTAIS 

h 

k 

h 

20 

h 

- 

h 

8 

h 

k 

h 

20 

TOTAL  CREEP 

U8 

PLUS  DATA  FROM  S.R. 

"T3 

GRAND  TOTAL 

61 

34 


TABLE  16 


3THE35-n‘Jriurtft  IISS'I'S  ON  INCONEL  702 


SIZE  & 

FORM 

Number  of 

Tests 

Per  Temperature 

U00°F 

600°F 

8oo°f 

1000°F 

1200°F 

2l>.00oF 

1600°F 

1800°F 

TOTALS 

.005  Sheet 

. 

2 

2 

k 

h 

6 

6 

6 

30 

,020  Sheet 

• 

2 

2 

k 

h 

6 

6 

6 

30 

.OUO  Sheet 

8 

8 

8 

8 

2h 

lj.0* 

2h 

46-w 

176 

TOTAL  STRESS-RUPTURE  236 


^  The  .Oi^O  sheet  material  will  be  tested  at  four 
load  levels  at  1*00,  600,  800  and  10C0°F  with 
two  tests  per  load  level  and  at  eight  load  lev¬ 
els  at  1200,  lliOO,  1600  and  1800°F  with  three 
tests  per  load  level.  The  eight  load  levels 
will  be  adjusted  to  ideally  produce  failure  in 
0.1,  0.3,  1.0,  3.0,  10.0,  30.0,  100  and  1000- 
hours.  The  four  load  levels  at  U00  to  1000°F 
will  be  adjusted  to  fail  in  10,  30,  100  and 
1000-hours.  The  remainder  of  the  tests  will 
be  used  to  determine  Larson-i1'. iller  curves. 


#  Half  of  these  tests  will  be  in  the  transverse 
direction. 

All  others  are  tested  longitudinally. 


3  5 


SECTION  III  -  TEST  SPECIMENS 
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SECTION  111  -  TEST  SPECIMENS 


3 . 1  Specimen  Identification  Eodes 


Two  tunica' 


idrr.titicat  i«  j  n  numbers  .1  i  c  EAi  .A  X- 5G  and  i<4 TB  YE-2I 1. 


In  general,  code  numbers  will  have  the.  above  form  witli  each  letter  or  number 
having  a  specific  meaning  as  indicated  below.  The  only  exception  to  this  system, 
also  described  below,  involves  the;  two  letters  immediately  lullowing  the  I  -  or  T 
direction  notation  (in  examples  above,  AX  and  BY). 


3.1.1  The  initial  E  or  R  indicates  the  testing  temperature  level  intended  for 
the  specimen  (E  -  elevated,  and  R  -  room). 


3.1.2  The  number  following  the  E  or  R  indicates  the  type  of  ten!;;  for  sheet 
material,  the  numbers  are  as  follows: 


1  - 

Tension 

2  - 

Stress  to  rupture 

3 

Creep 

4  - 

Compression 

5  - 

Shear 

6 

Bearing  with  1.  5  edge  distance 

67  - 

Bearing  with  2.0  edge  distance 

7  - 

Fatigue 

3.1.3  The  letter  following  the  type  of  test  number  indicates  the  specimen 
direction: 


L  -  Longitudinal 

T  -  Transverse 


3.1,4  The  two  letters  following  the  directional  letter  give  the  material  used 
and  the  heat  from  which  the  specimen  was  taken.  This  information  is  given  in  one 
sequence  for  plate,  bar,  and  forgings,  and  in  the  reverse  sequence  for  sheet 
specimens. 

a,  Plate,  Bar,  Forgings  -  The  first  of  the  two  letters  gives  l lie 
material,  and  the  second  shows  the  heat. 

1)  Material  Code 


A 

1.605 

AMS 

5537  (Sheet) 

B 

L605 

AMS 

57  59  (Bar) 

C 

Rene'  41 

AMS 

5545 

D 

Rene'  41 

AMS 

5512 

E 

Rene'  4  1 

AMS 

5513 

G 

Incoloy  901 

AMS 

5560 

2)  Heat  Code 


s 

Heat 

A 

V 

Heat 

B 

w 

Heat 

C 

X 

Heat 

E 

\r 

j. 

T  T 

aedi 

F 

z 

Heat 

G 

b.  Sheet  {through  .080  inch)  -  The  first  of  the  two  letters  gives  the 
heat  and  the  second  indicates  the  material. 

1)  Heat  Code 

A  Heat  A 

B  Heat  B 

C  Heat  C 

2)  Material  Code 

X  C605 

Y  Rene  41 

Z  Inconel  702 

3.1.  5  Exposure  notation  -  where  exposure  is  required  prior  to  testing,  a 
letter  E  is  included  following  the  material-heat  or  heat-material  designation 
(Example  -  R6TAXE-3G  or  E7EASE-5H). 

3.1.6  The  final  number  (immediately  following  the  hyphen)  indicates  the 
specimen  location  on  the  sheet  from  which  the  specimen  was  taken. 

3.1.  7  The  final  letter  (G  and  H  in  the  initial  examples  shown)  indicates  the 
sheet  used  within  a  given  heat.  When  a  heat  contained  more  than  one  sheet, 
letter  designations  were  arbitrarily  assigned  to  differentiate  one  sheet  from 
another. 

a.  The  absence  of  the  sheet  designation  indicates  the  particular 
specimens  involved  was  taken  from  a  heat  represented  by  one  sheet  (Example- 

R1LAX-2). 

3.1.8  Miscellaneous  notations  -  where  duplication  of  numbers  under  the 
standard  coding  system  can  occur  due  to  similar  specimens  received  from  the 
same  material  (same  specimen  from  1  inch  plate  or  1  inch  bar  -  or  same 
specimen  from  l/2  inch  bar  or  from  forging),  a  further  breakdown  is  made  by 
including  a  notation  ir  front  of  the  standard  code. 

a.  F  indicates  specimen  was  made  from  a  forging  (Ex,  FR1EBX-2). 

b.  Number  and  letter  indicate  size  and  type  of  stock  (Ex.  1PE5EAX-2) 
IP  -  1  inch  plate;  3/8P  -  3/8  inch  plates;  l/2B  -  l/2  inch  bar;  etc. 

c.  Absence  of  an  extra  notation  generally  means  that  no  duplication 
oi  codes  can  occur. 
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d.  An  example  of  the  coding  system  is  shown  in  the  diagram  below. 


E  7  T  A  Y  -  54  I. 


Sheet  number 

Specimen  number  (location  in  sheet) 
Rene' 41  sheet/AMS  5545 
Heat  number 

Transverse  (L  -  Longitudinal) 

F  atigue 

Elevated  temperature  (R  -  room 
temperature) 


3 . 2  Specimen  Sampling 

A  typical  example  of  controlled  randomization  of  test  specimen  sampling 
for  sheet  material  is  shown  in  Figure  1*  .  The  material  is  0.040  inch  Renu‘41 
sheet,  36  x  96  inches.  Oversize  specimen  blanks  were  sheared  in  groups,  with 
each  group  consisting  of  at  least  one  specimen  for  each  type  of  test,  in  order 
that  the  test  results  would  reflect  any  material  property  variation  within  a  sheet. 
Test  specimens  were  taken  from  both  transverse  and  longitudinal  directions  for  all 
sheet,  plate,  and  1x3  inch  forgings.  The  0.  500  and  1.00  inch  diameter  bar  were 
sampled  in  the  longitudinal  direction  only.  Controlled  sampling  was  carried  out 
for  each  of  the  three  representative  heats,  and  for  all  gauges  of  each  of  four 
alloy  materials. 

3 . 3  Specimen  Design 

Specimen  designs  used  are  shown  in  Figures  2  through  11  .  All  test 
specimens  are  full  size,  and  conform  where  applicable  to  ASTM  Standards  and 
Aerospace  Industr;es  Association  Report  No.  ARTC-13. 

3 . 4  Specimen  Preparation 

In  an  effort  to  obtain  uniformity  in  test  results  and  to  insure  that  the  varia¬ 
tions  in  test  results  would  be  due  to  material  properties,  the  various  types  of 
test  specimens  were  machined  to  close  tolerances.  The  conditions  for  machining 
and  grinding  were  chosen  to  provide  a  minimum  of  distortion  and  residual  stress. 


*  Asterisk  -  Ref.  Section  V  -  Test  Procedures 


SicriOB  17  -  TKST  equipment 
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SECTION  IV  -  TEST  EQUIPMENT 


4,1  Static  Teste 


a.  Loading  Apparatus 

The  loading  apparatus  used  in  the  performance  of  tension, 
compression,  bearing,  and  shear  tests,  are  as  follows: 

One  -  Instron  Universal  Testing  Machine  -  10,000  pounds  capacity 
One  -  Riehle  Universal  Testing  Machine  -  2  0,000  pounds  capacity 
Seven  -  Baldwin-Lima -Hamilton  Universal  Testing  Machines  of 
50,000,  60,000,  100,000,  120,000  and  1 50 , 000  pounds 
capacity . 

All  of  the  above  mentioned  machines  are  equipped  with 
strain-rate  pacers,  and  Baldwin-Lima -Hamilton  Type  MA-1  autographic 
recorders . 


b.  Extensometers 

Baldwin-Lima -Hamilton  Type  T-1M  and  PSH-8MS  nicro- 
former  type  extensometers  were  used  in  conjunction  with  Type  MA-1  auto¬ 
graphic  recorders  to  measure  load  versus  deformation. 

c  .  Furnace  s 

Static  test  specimens  (with  the  exception  of  0,005  and  0.010 
inch  gauge  tensile  specimens)  were  heated  by  Marshall  or  Arcweld  Type 
F-6  furnaces  with  a  core  16  inches  long  and  3  inches  in  diameter.  Split- 
type  three-zone  Marshall  furnaces  16  inches  long  and  3  inches  in  diameter 
were  used  to  accommodate  the  larger  test  fixtures  and  jigs  required  for 
compression  and  bearing  testing.  The  0,005  and  0.010  inch  gauge  sheet 
tensile  specimens  were  heated  by  the  specimen's  electrical  resistance. 

A  Thermae  Voltage  Controller,  with  a  Vernier  controlled  variable  output 
was  used  in  conjunction  with  Leeds-Nor  tnrup  Potentiometers  to  control 
and  record  temperatures.  Either  Minneapolis-Honey  well  Brown  Elec- 
tronik  or  Leads  and  Northrup  dual  range  multipoint  controller-recorders 
with  20  A.W.G,  diameter  chrome! -a lumel  thermocouples,  were  used  to 
monitor  temperature  for  the  furnace  healed  test  specimens. 

4 . 2  Creep  and  Stress-Rupturo  Tests 

A  simple  beam  loading  type  test  frame  having  a  maximum  lever 
arm  ratio  of  20  to  1  was  used  for  loading  creep  specimens.  The  electrical 
resistance  furnaces  were  designed  by  the  New  England  Material  Laboratory, 


41 


with  an  lfl  inch  long  alundum  core  wound  with  nichrome  wire  with  the  upper 
lower  halve3  controlled.  An  inner  'shielding  hihe'  u/as  incorporated  into 
the  furnace  for  the  purpose  of  smoothing  out  hot  spots.  The  furnaces  were 
constructed  with  nichrome  wire  wound  window  tubes  also  rheostat  controlled, 
through  which  creep  measurements  were  made.  Three  chromel-alumel 
thermocouples  were  wired  to  gauge  section  of  test  specimen,  and  specimen 
temperature  was  maintained  by  Minneapoli s-Honey well  Brown  Electronik 
controller -recorder  s . 

Creep  measurements  were  made  optically  by  means  of  a  platinum 
wire -in-tube  arrangement  mounted  on  the  shoulders  of  the  test  specimen. 

4.3  Fatigue  Tests 

A  total  of  nine  Universal  fatigue  testing  machines  were  used;  two 
each  Baldwin  SF-10-U,  SF-11U,  and  1V-4F  machines  were  used  for  the 
1800  CPM  tests,  and  one  Wiedemann-Baldwin  SF-4  for  the  3600  CPM  tests. 
All  machines  were  equipped  with  5-1  multipliers  and  constant  load  main- 
tainers  . 


Furnaces  were  either  Marshall  Bplit  type  or  heavy  duty  type  MK« 
4010,  electrical  resistance  type  with  2200°F  capability.  Temperature  re¬ 
corder-controllers  were  Minneapolis -Honeywell  Brown  Electronik  or  Leads 
and  Northrup. 

4 . 4  Thermal  Processing  Equipment 

The  furnace  equipment  used  for  heat-treating  and  the  elevated 
temperature  exposure  of  test  specimens  in  air  is  as  follows: 

One  -  Pereny  Model  EX-9-SP-103 
One  -  Precision  Model  31281 
One  -  Blue  M  Model  CHH-16 
One  -  Lindberg  Model  B-6 
Two  »  Temco  Model  152  5 
Two  -  Dyna-Trol  Model  P93H 

Temperature  surveys  were  made  of  all  furnaces  prior  to  use. 

Test  specimens  were  always  located  in  the  central  portion  of  a  furnace 
where  the  exposure  temperature  could  be  maintained  at  t  10°F. 
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SECTION  V  -  TEST  PROCEDURES 


Tables  None 

Figures  1  thru  32  (SPC.5.8,  page  51) 
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SECTION  V  -  TEST  PROCEDURES 


5 . 1  Tensile  Teats 

Tensile  tests  were  performed  onlnstron,  Riehle,  and  Baldwin-Lima- 
Hamilton  Universal  testing  machines  equipped  with  integral  automatic  strain 
pacers,  see  Figures  12  and  13.  Each  testing  machine  was  calibrated  period¬ 
ically  to  insure  loading  accuracy  within  £  0.2%  on  all  scales,  in  compliance 
with  applicable  ASTM  Standards  and  the  Aircraft  Industries  Association  Report 
ARTC-13  specifications  for  loading  accuracy  and  axiality.  Shackles  and  grips 
were  designed  to  give  load  concentricity  within  0.003  inches. 

Specimens  tested  at  elevated  temperatures  were  generally  heated  by 
means  of  resistance  wound  (Arcweld  and  Marshall)  furnaces  of  2200°F  capabil¬ 
ity  and  with  a  16  inch  long  core  which  was  3  inches  in  diameter.  Each  furnace 
was  equipped  with  a  (Wheelco)  pyrometer  with  0  to  2400°F  range  capable  of 
maintaining  £  5°F  over  a  2  inch  gauge  length,  and  a  (Honeywell  Brown  "Elec- 
tronik")  dual  range  multipoint  recorder  with  an  accuracy  of  £  10°F  through 
1800°F  range.  An  exception  was  made  in  the  case  of  the  foil  gauge  specimens, 
which  were  heated  by  the  electrical  resistance  method. 

Specimen  temperature  measurement  was  by  means  of  20  A.W.G.  diameter 
chrome  1-alumel  thermocouples  attached  to  the  center  of  test  specimen.  All 
thermocouples  were  checked  to  a  standard  calibrated  by  the  National  Bureau  of 
Standards.  When  potentiometers  were  used,  they  were  calibrated  daily  to  in¬ 
sure  accuracy  within  the  standard  specifications . 

Measurements  for  area  determination  were  made  with  a  micrometer  suit¬ 
able  for  measuring  to  1  0.0001  inch  of  the  nominal  dimension.  The  average  of 
a  minimum  of  five  (5)  readings  spaced  over  the  gauge  length  was  used  to  deter¬ 
mine  the  thickness  of  each  test  specimen. 

Strain  measurement  was  by  means  of  an  extensometer  attached  to  t.ie 
gauge  length  of  a  specimen.  Since  yield  strength  and  the  modulus  of  elasticity 
were  determined  for  each  specimen,  a  Baldwin-Lima-Hamilton  Type  T-1M  or 
PSH-8MS  Class  B-l  extensometer  was  used  in  conformance  with  ASTM  Stand¬ 
ard  E83-57T.  The  extensometers  were  modified  with  insulated  knife  edges  for 
the  testing  of  the  electrical  resistance  heated  foil  gauge  specimens,  and  with 
special  care  being  taken  that  the  extensometers  did  not  impose  bending  moments 
or  axial  loads  to  the  test  specimens  in  excess  of  1%  of  the  failing  load.  Total 
elongation  was  measured  by  the  use  of  gauge  marks  on  specimen  surface. 

A  typical  tensile  test  began  by  mounting  a  clean  test  specimen  with  appro¬ 
priate  holders  and  grips  into  the  loading  apparatus  as  shown  in  Figure  14.  The 
specimen  was  then  instrumented  with  extensometers  (and  thermocouples  when 
the  test  was  being  run  at  other  than  ambient  temperature).  In  the  case  of  an 
elevated  temperature  test,  the  specimen  was  brought  to  testing  temperature  as 
quickly  as  possible;  and  after  a  30  minute  soak,  the  specimen  was  loaded  at  a 
strain  rate  of  0.005  in. /in. /min.  up  to  yield.  After  yield  strength  the  strain 
rate  was  increased  to  0.04  in. /in. /min.  or  a  strain  rate  to  induce  failure  in 
one  minute  . 
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5.  2  Compression  Tests 


The  loading  machines  shown  in  Figures  15  and  1G  liave  been  described  in  para  ¬ 
graph  5. 1  (Tensiie  Testa).  In  addition,  care  was  taken  to  assure  proper  alignment 
and  parallelism  of  the  machine  cross -heads. 

The  heat  source  for  all  elevated  temperature  compression  tests  was  provided 
by  a  three-zone  clam  shell  (Marshall)  furnace,  of  2200®F  capability.  The  three  zones 
could  be  independently  adjusted  to  give  the  desired  temperature  gradient  along  the 
furnace  axis.  A  Leeds -Northrup  Control  Recorder  was  used  to  respond  to  the  signals 
generated  by  the  three  chromel-alumel  thermocouples,  that  were  intimate  with  the 
test  specimen  surface,  producing  continuous  load  versus  deformation  curves. 

A  temperature  calibrating  procedure  was  performed  at  each  test  temperature 
to  determine  optimum  furnace  control  settings  for  the  temperature.  The  resulting 
temperature  gradient  was  ±  3°F  for  all  test  temperatures.  A  bar  compression  test 
specimen  is  shown  in  Figure  18. 

Compression  test  specimens  fabricated  from  sheet  materials  (0.  040  inch  and 
0.080  inch  thickness)  were  tested  in  a  specially  constructed  fixture,  see  Figure  17, 
which  provided  lateral  support  to  prevent  buckling  prior  to  yielding.  In  a  series  of 
calibration  tests,  the  magnitude  of  frictional  force  that  was  transferred  from  lubri¬ 
cated  specimen  to  specimen  support  guides  was  determined  to  be  negligible.  The  bar 
specimens  did  not  require  lateral  supports  in  testing,  but  because  of  the  higher  loads 
required  to  cause  the  material  in  these  shapes  to  yield,  the  bar  test  fixtures  were  de¬ 
signed  to  accommodate  loads  up  to  75,  000  pounds,  see  Figure  16.  The  selection  of 
the  fixture  material  was  critical  due  to  range  and  repeated  exposure  to  elevated 
temperatures.  Rene'  41  was  chosen  and  it  exhibited  satisfactory  properties  through¬ 
out  the  test  temperature  range.  Carbide  inserts  were  used  in  the  top  and  bottom  uub- 
press  to  resist  deformation  from  concentrated  compressive  loads  transmitted  by  test 
specimens. 

Deformation  measurements  were  made  by  means  of  a  Baldwin-Limn-Hamilton 
Microformer  Compressometer,  calibrated  and  fitted  with  arm  extensions  to  remove 
it  from  the  elevated  temperature  environment  of  the  furnace.  This  compressometer 
was  connected  to  an  autographic  recorder  to  give  load-deformation  curves  for  each 
test. 


A  typical  compression  test  began  by  recording  ilie  dimensions  of  a  clean  test 
specimen  and  then  placing  it  into  the  test  fixture.  For  sheet  specimens,  the  speci¬ 
men  lateral  support  guides  were  positioned.  Care  was  taken  to  assure  axiality  and 
alignment  before  application  of  load.  The  compressometer  was  then  attached  and  the 
furnace  closed.  When  the  test  temperature  was  stabilized,  load  was  applied  at  0.  005 
in.  /in.  /'min.  until  yield  is  observed  on  a  load  deformation  curve  being  autographically 
plotted. 

5.3  Bearing  Tests 

The  descriptions  given  of  loading  apparatus  and  heat  source  for  die  tension  and 
compression  tests  are  applicable  for  bearing  tests.  Bearing  tests  differ  in  respect 
to  the  type  of  fixtures  employed,  method  and  load  application,  and  the  manner  in  which 
the  mechanical  properties  are  determined.  Clevis  fixtures  were  used  of  various  slot 
widths  to  accommodate  each  particular  sheet  specimen  thickness.  The  application  of 


the  load  through  clevis  fixture  to  teut  specimen  was  by  means  of  0. 250  inch  diameter 
pin  through  reamed  hole  of  specimen  as  shown  in  Figures  18,  19,  and  20. 

Measurement  of  bearing  deformation  was  by  means  of  a  minroformer  extenso- 
meter  with  one  set  of  arms  attached  to  the  loading  clevis,  and  the  other  set  attached 
through  pclnt  contacts  to  the  specimen  edge  on  a  line  tangent  to  the  loaded  side  and  on 
the  horizontal  center  line  of  bearing  hole.  The  displacement,  detected  by  the  extenso- 
meter  was  equivalent  to  the  vertical  deformation  of  the  0. 250  inch  diameter  hole.  The 
change  in  displacement  sensed  by  the  extensometer  was  fed  into  an  autographic  re¬ 
corder  which  produoed  the  load  deformation  plots. 

The  clevis  fixtures  were  fabricated  from  Rene'  41  alloy  material.  The  most 
severely  stressed  fixture  component  was  the  0.  250  inch  diameter  bearing  pin,  whose 
service  life  varied  with  test  temperatures.  Bearing  pins  of  several  materials  were 
employed  in  the  test  program;  the  following  table  indicates  the  most  effective  material 
selection  for  each  test  temporature. 


Bearing  Pin  Material 


Room 

400* 

6008 

800“ 

1000° 

1200*  1400° 

1600* 

1800® 

Vasoojet  M-A 

X 

X 

X 

X 

X 

Vascomax  300 

X 

X 

X 

X 

X 

Rene'  41 

X 

X  X 

Haynes  713C 

X 

X 

A  bearing  test  specimen  was  prepared  for  tests  by  cleaning;  hole  dimensions 
and  thickness  measurements  were  noted.  The  specimen  was  placed  in  the  clevis 
fixtures  and  secured  in  place  with  two  pins.  The  specimen  was  then  instrumented 
with  thermocouple  and  extensometer,  and  then  inserted  into  a  clam-shell  furnace. 
When  both  fixture  and  test  specimen  were  stabilized  at  test  temperature,  the  speci¬ 
men  was  loaded  at  02  in/in.  /min.  and  a  load-deformation  curve  was  obtained. 
After  yield,  the  strain  rate  was  increased  to  produce  failure  in  less  than  a  minute. 

5.4  Shear  Tests 


Single  shear  tests  were  performed  on  sheet  materials  room  and  elevated 
temperatures,  utilizing  a  heat  source  and  axial  loading  apparatus  described  pre¬ 
viously  In  paragraph  5. 1.  A  clevis-pin  fixture  was  used  to  attach  the  test  specimens 
to  self-aligning  loading  rods,  as  shown  in  Figure  21.  Since  the  only  value  of  interest 
was  ultimate  load,  no  extensometers  were  used. 

Examination  of  test  specimens  after  initial  shear  tests  revealed  the  mode  of 
failure  to  be  other  than  true  shear.  The  failures  resulted  from  twisting  of  the  test 
section  perpendicular  to  the  thickness  dimension  followed  by  tearing  parallel  to  the 
slot,  the  latter  action  being  accompanied  by  a  lateral  shift  in  the  width  direction, 
see  Figure  22a. 

The  specimen  configuration  for  sheet  shear  was  chosen  for  this  contract  origi¬ 
nally  is  recommended  by  ARTC-13  and  elsewhere,  and  widely  used  throughout  the 
Industry.  Ideally  this  specimen  design  should  give  a  straight  line  shear  failure 


between  the  two  i/16  inch  reamed  holes  which  were  0. 19  inches  apart. 


Test  equipment  was  re-checked  for  alignment  and  axiality  of  load  application, 
ami  found  satisfactory.  Additional  test  specimens  were  lubricated  to  incorporate 
changes  in  slot  angles,  i.  e.  ,  26°,  60°  and  90°,  as  well  as  changes  in  shear  height 
ratios.  In  other  specimens,  the  1/16  inch  diameter  holes  were  varied  in  position, 
some  were  placed  on  the  center  line,  while  others  were  made  tangent  to  the  center 
line. 


When  jigs  were  constructed  to  restrain  the  test  section  rotation,  so  that  loading 
would  be  axial,  the  specimens  failed  by  coining  nuggets. 

The  problem  of  shear  path  instability  was  resolved  satisfactorily  by  adjusting 
the  distance  between  reamed  holes.  The  distance  between  reamed  holes  for  0.  020 
inch  thick  sheet  material  was  reduced  to  0.  070  inch  and  a  subsequent  w/h  ratio  of  9, 
and  for  the  0.  040  and  0.  080  inch  thick  sheet,  the  distance  was  made  0. 100  inch  for  a 
w/h  ratio  of  6.  (In  this  regard  the  thickness  to  shear  path  ratio  seemed  more  critical 
than  the  w/h  ratio).  Consequently,  the  design  of  all  single  shear  sheet  specimens, 
for  the  four  alloys  tested,  was  changed  in  respect  to  hole  distances. 

The  shear  test  fixture,  see  Figures  23  and  24,  for  double  shear  pin  tests  (pin 
specimens  faken  from  bar  and  forgings)  consisted  of  two  clevis  connected  with  a  1/4 
inch  center  plate.  A  1/2  inch  diameter  bolt  was  used  for  one  clevis  pin;  the  shear 
test  specimen  was  the  other  clevis  pin.  Replaceable  carbide  inserts  with  l/4  inch 
inside  diameters  were  fitted  to  hold  the  specimen  in  the  center  plate  and  bottom 
clevis.  These  inserts  prevented  deformation  of  the  fixture  in  the  vicinity  of  load  ap¬ 
plication  to  pin  shear  specimen.  The  inserts  were  replaced  as  soon  as  they  became 
damaged  or  worn. 

Both  sheet  and  pin  shear  tests  were  performed  with  strict  adherence  to  ASTM 
Standards  specifications  for  heating  and  soaking  time,  as  well  as  specimen  tempera¬ 
ture  control.  The  shear  path  distance,  and  specimen  thickness  were  measured  for 
all  sheet  specimens;  (pin  diameter  in  the  case  of  pin  specimens)  prior  to  test.  Upon 
application  of  loads,  sheet  shear  specimens  failed  along  shear  path,  and  pin  speci¬ 
mens  by  the  formation  of  two  new  planes  perpendicular  to  pin  specimen  axis. 

5,  ,r>  Creep  Tests 

Creep  tests  were  performed  using  the  simple  beam  loading  type  apparatus,  as 
shown  in  Figure  25,  having  a  maximum  lever  arm  ratio  of  20  to  1.  Depending  on  the 
loading  requirement,  a  10  to  i  ratio  or  direct  loading  pan  was  used.  To  minimize 
variability  of  results  in  elevated  temperature  creep,  cure  was  taken  to  insure  that 
misalignment  between  load  application  and  longitudinal  axis  of  test  specimen  was  less 
than  1%  of  the  working  range.  Eccentricity  of  loading  is  critical  for  creep  tests,  es¬ 
pecially  when  small  deformations  (less  than  1%)  with  time  must  be  measured.  Re¬ 
producibility  of  results  also  depends  on  rigid  adherence  to  temperature  measurement 
standards  (as  outlined  by  ASTM  Standards),  as  well  us  the  dependability  of  equipment 
and/or  thermocouples  to  monitor  these  temperatures  over  periods  of  1000  hours. 

The  electrical  resistance  furnaces  used  were  specially  constructed  with  an  18 
inch  long  alundum  tu!>e  wound  with  nichroinc  wire,  with  the  upper  and  lower  halves  of 
main  winding  rheostat  controlled.  A  pyrex  "window"  tube,  covered  at  each  end 
through  which  the  creep  measurements  were  made,  contained  rheostat  controlled 


windings,  ho  that  exceptionally  fRst  temperature  adjustments  were  possible.  In  ad¬ 
dition,  the  furnace  was  designed  with  an  Inner  "shielding  tube"  for  the  purpose  ol 
redi  cing  hot  roots.  Indicated  temperature  deviations  from  nominal  could  i>e  main¬ 
tained  ai  a  maximum  ±  z~t  for  eaon  teat  duration.  A  diagram  oi  furnace  is  shown  in 
Figure  26. 

Three  chromel-alumel  thermocouples  were  attached  to  test  specimen  gauge 
section,  and  test  temperature  was  maintained  by  Minneapolis-Honeywell  "Electronik" 
on/off  controllers.  Furnace  control  was  through  a  centrally  located  thermocouple. 

All  temperatures  could  be  simultaneously  printed  on  the  same  recorder  chart  when 
a  temperature  check  was  necessary.  A  minimum  of  three  creep  deformation  readings 
were  made  daily  during  the  first  fifty  hours  of  a  test.  More  frequent  readings,  as 
many  as  ten  per  hour,  were  made  when  the  nature  of  the  creep  curve  warranted  it. 
Instrumented  test  specimens  are  shown  in  Figures  27  and  28. 

Extension  measurements  were  made  optically,  using  notched  platinum  wire -in¬ 
tube  extensometers  mounted  on  the  shoulders  of  the  test  specimens.  Two  sets  of  the 
platinum  wire-in-tube  arrangement  were  mounted  on  each  specimen,  so  that  corres¬ 
ponding  readings  on  two  sides  could  be  averaged  to  compensate  for  any  unavoidable 
load  eccentricity.  The  filar  eyepiece  microscopes  used  read  directly  to  0.  00004 
inches. 

Prior  to  loading  of  test  specimens,  the  furnaces  were  always  brought  to  the 
desired  temperature.  The  correct  specimen  temperature  and  gradient  were  achieved, 
and  the  specimen  stabilized  for  1/2  hour.  Initial  loadings  were  done  in  small  incre¬ 
ments  well  within  the  elastic  range  of  test  specimen  previously  determined.  With 
the  addition  of  each  small  increment,  an  elongation  measurement  was  made.  Read¬ 
ings  of  total  elongation  on  loading  could  be  madj  (after  incremental  loadings)  so  that 
the  elastic  contribution  could  be  determined  and  subtracted. 

5.6  Stress  Rupture  Tests 

For  the  stress -rupture  testing,  the  procedures  and  apparatus  were  generally 
the  same  as  outlined  for  creep  testing,  except  that  the  platinum  wire-in-tube  extenso¬ 
meters  were  not  used.  In  this  phase  of  the  testing,  we  were  concerned  with  time-to- 
rupture  under  a  constant  tensile  load  at  a  constant  temperature. 

Upon  fracture  of  a  specimen  a  timing  device,  actuated  at  the  beginning  of  the 
test,  would  stop  automatically  to  give  test  time  duration.  Another  switch  actuated 
by  specimen  fracture  would  stop  the  furnace  power. 

5.7  Fatigue  Tests 

Several  types  of  fatigue  equipment  were  used  to  perform  the  axial  tension- 
tension  fatigue  tests  under  this  contract  (see  Figures  29  and  30).  Selection  of  a  test 
machine  was  on  the  basis  of  required  stress-level,  cycling  rate,  and  stress-ratio. 

All  1800  CPM  cycling  speed  fatigue  tests  were  performed  on  Baldwin  SF-10-U, 
SF-l-U,  and  IV-4F  type  machines.  The  machines  were  equipped  with  5  to  1  multi¬ 
pliers.  A  Wiedemann-Baldwin  SF-4  was  used  for  testing  in  the  3600  CPM  range. 
These  machines  were  equipped  with  automatic  pre-load  maintainers.  All  dynamic 
systems  of  fatigue  testing  machines  were  checked  io  insure  conformance  to  cycling 
speeds.  Dynamic  loading  systems  were  checked  and  calibrated  periodically. 
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Electrical  resistance  healing  furnaces  with  22tKFi  capability  were  used,  as 
shown  In  Figure  31.  Chromel-alumel  thermocouples  were  calibrated  at  each  m,st 
temperature  u  gurnet  standards  traceable  to  the  National  Bureau  of  Standards. 
Separate  thermocouples  were  u.-.ed  for  controlling  and  monitoring.  On  initial  tests 
a*  each  temperature,  dummy  specimens  were  instrumented  with  4  thermocouples  at 
each  temperature.  Hy  utilis  ing  Hrown  "Eleetronik",  and/or  Leeds -Northrup  indi¬ 


cating  controlling  recorders,  temperatures  were  controlled  within  i  5®F  to  180(/°F. 
Care  was  taken  to  insure  alignment  of  test  specimens,  as  shown  in  Figure  32. 
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SECTION  V  -  TEST  PROCEDURES 


S.8  Figuraa  1  through  32 
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SECTION  VI  -  SUMMARY  OF  TEST  RESULTS 


6 . 1  Methods  of  Statistical  Analysis 


REVISIONS  OF,  OR  ADDITION  TO,  CHAPTER  ]  - 
March  I  Q A 1  )  -  ATT  ACHMENT  59-29(23),  Batteiie 


_  „ _ ]  _ _ _  iL  r~»  n  n ca c*  r*  ta 

uam  t-  vNiLU  r  nur  oddjlv 


MI  L-HDBK-5(Rc  vised 


X/t 


<-»  mn  v-  y  -» 


The  mechanical  properties  presented  herein  are  identified  by  a 
letter  (i.e,  ,  A  or  B)  to  indicate  the  basis  upon  which  they  were  established. 
An  'A'  value  is  the  property  above  which  99  per  cent  of  the  population  is 
expected  to  fall  with  a  confidence  of  95per  cent.  A  'B'  value  is  the  proper¬ 
ty  above  which  90  per  cent  of  the  population  is  expec  ted  to  fall  with  a  con¬ 
fidence  of  95  per  cent. 

There  are  two  methods  of  obtaining  these  values  and  they  are: 

a.  Directly  Calculated  Values  -  the  directly  calculated  'A1 

values  are  obtained  as  follows. 


'A'  value  = 

x  -  KSX 

(1) 

where  x  = 

r  x 

n  ’ 

(2) 

c 

s:(x  -  x)2 

(3) 

X 

(n  -  1) 

where  x  is  the  average  value  of  individual  measurements,  Sx  the  standard 
deviation  of  individual  measurements,  n  the  number  of  individual  measure¬ 
ments  and  K,  the  one-sided  tolerance  factor  for  normal  distribution  and 
specified  probability ,  confidence,  and  population  (i  ,e  ,  ,  for  'A', 

K  =  K  .99'  .95’  r)’ 

The  ’B’  values  are  calculated  as  follows: 

’B1  value  =  x  -  KSX  (la) 

where  K  =  K>90,  >95, n 

The  values  of  K  were  obtained  from  the  table  'One-sided  Tol¬ 
erance  Factors  for  the  Normal  Distribution  and  a  Confidence  J  of  .95',  in 
Tables  of  Normal  Probability  Functions,  N.B.S.,  Applied  Mathematics 
Series  23,  (1953). 


An  additional  requirement  is  that  the  population,  n,  must  con¬ 
sist  of  at  least  100  points  from  a  minimum  of  ten  different  heats  of  material. 
Because  of  the  paucity  of  available  data,  this  requirement  usually  can  be 
satisfied  for  room  temperature  tensile  ultimate  and  yield  only. 
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b.  Derived  Values  -  these  values  are  established  through  their 

relationship  to  directly  calculated  'A*  or  'B'  values  of  F^  or  F  as  obtained 

in  the  foregoing  section.  This  method  consists  of  pairing  individual  ultimate 

strength  values  (i.  e,.  F.  ,  F  ,  F,  )  with  individual  tensile  ultimate 
b  '  *  *  tu*  s  u  ’  oru 


strength  values,  or  individual  yield  strength  values  (i.  c.,  F ,  F^y)  with 

individual  tensile  yield  strength  values,  determining  the  mean  ratio  of  these 

pairs  with  a  probability  of  95  per  cent  and  multiplying  the  uirucily  calculated 

•A1  or  ‘B1  values  of  or  F,  by  this  factor.  Derived  values  are  therefore 

tu  ty  } 

equal  to! 


(  "  -  t 


05Sr* 


F.  (A  or  B) 
tu 


(4) 


or 


(r  -  t 


05 


S-) 


F  (A  or  B) 

ty 


(5) 


whe  re 


n 


(6) 


S-  = 
r  . 


£(r  -  r)2 
n  (n  -  1) 


(7) 


and  t.  05  is  the  two-sided  tolerance  factor  for  the  *t 1  distribution,  a  proba¬ 
bility  of  95  per  cent  and  the  population,  n  ,  involved.  The  values  of  t.  05 
were  obtained  from  a  table  in  Statistical  Methods  for  Research  Workers 
by  R.  A.  Fisher. 


The  derived  values  of  the  mechanical  properties  have  the 

F  used  in  equations  (4)  and 

(5).  Ten  pairs  of  measurements  (n  =  10)  are  the  minimum  for  establishing 
a  derived  allowable. 


same  validity  (A  or  B)  as  the  values  of  F  or 


Statistical  methods  were  used  to  establish  the  design  allowables  pre¬ 
sented  in  this  report.  The  testing  performed  for  this  program  did  not 
include  specimens  from  a  sufficient  number  of  different  heats  to  permit 
direct  calculation  of  any  of  the  values.  Additional  data  was  obtained  from 
material  vendors  and  other  sources,  such  as  inspection  acceptance  data, 
to  make  up  this  deficit.  The  extra  data  consisted  of  results  from  many 
heats  in  different  forms;  in  many  cases  one  specimen  from  each  form  was 
reported.  Using  the  data  available  from  all  sources  with  each  specimen  as 
a  point  in  the  population  would  bias  the  results  in  favor  of  the  heats  contain- 
ing  a  large  number  of  data  points,  such  as  the  heats  tested  in  this  program. 

To  prevent  this,  a  slight  change  was  made  in  the  method  of  directly  calculating 
the  allowables.  The  change  consisted  of  using  the  average  value  of  all  the 
specimens  in  a  heat-lorrn  combination  as  a  single  point  in  the  population.  The 
population  then  becomes  the  number  ol  heat-form  combinations  instead  of  the 
number  of  individual  specimens.  The  tolerance  factor,  K  ,  was  still  chosen 
based  upon  the  number  of  specimens.  This  procedure  is  justified  by  the 
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results  obtained  under  this  contract  which  show  that,  except  for  the  foil 
gauges,  there  is  a  relatively  small  difference  in  properties  from  sheet 
to  sheet,  plate  to  plate,  bar  to  bar,  or  forging  to  forging  within  a  heat. 

The  values  of  all  the  mechanical  properties  of  Rene'  41  (plate, 
bar,  and  forgings),  Inconel  702  (sheet),  and  the  shear  ultimate  of  J--605 
and  Ir.eelny  901  (bar)  arc  not  statistically  sound  'A'  ana  :5 '  values,  and 
therefore  are  reported  as  tentative  in  the  tables  of  MI.L-HDBK-5  data. 

Tables  17  to  22  indicate  the  populations  and  other  pertinent  infor¬ 
mation  used  in  the  calculation  ol  the  allowables. 
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6.1.1 


LIST  OF  STATISTICAL  SYMBOLS 


A 

3 

K 

n 

r 

r 

S- 

r 

S 

x 

t 

X 


'A'  basis  for  mechanical  property  values  \ 

'B1  basis  for  mechanical  property  values 

one-sided  tolerance  factor  for  the  normal 
distribution  and  the  specified  probability, 
confidence  and  population 

the  number  of  individual  measurements  or 
paired  measurements  -  population 

ratio  of  two  paired  measurements 

the  average  ratio  of  paired  measurements 

standard  error  of  paired  measurement 
ratios 

standard  deviation  of  individual 
measurements 

two-sided  tolerance  factor  for  the  *t* 
distribution  and  the  specified  probability 
and  population 

value  of  an  individual  measurement 


x  the  average  value  of  individual  measurements 

2  the  summation  of 
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Populations  Used  to  Calculate  A  and  B  Values 
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Population*  Used  to  Calculate  A  and  B  Value* 
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Populations  Used  to  Calculate  A  and  B  Values 
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6.2 


Data  Presentation 


6.2.]  Effect  of  Temperature  on  Strength  (1/2  Hour  Exposure)  - 

These  curves  are  presented  as  'Per  Cent  Strength  at  Room 
Temperature  vs  Test  Temperature'.  The  procedure  used  to  obtain 
these  curves  is  as  follows. 

a.  Plot  the  range  of  values  (i.e.,  minimum  to  maximum) 
for  the  property  at  each  temperature.  Note:  The  elevated  temperature 
tests  were  run  on  specimens  from  one  heat  only,  and  therefore  the  room 
temperature  range  is  plotted  for  this  heat  only. 

b.  Indicate  the  average  value  at  each  temperature. 

c.  Indicate  the  value  5  per  cent  above  the  minimum  value 
at  each  temperature  . 

d.  Draw  the  curve  passing  through  the  average  or  5  pe  r 
cent  above  minimum  value  whichever  is  lowest  at  each  temperature. 

e.  Obtain  the  curve  value  at  each  temperature  as  a  per¬ 
centage  of  the  curve  value  at  room  temperature  . 

f .  Plot  the  per  cent  values  and  fit  the  curve  . 

To  obtain  a  smooth  curve  in  step  (d),  engineering  judgement 
was  used  and  the  curves  do  not  necessarily  pass  through  the  stated  values 
at  each  temperature  . 

6.2.2  Effect  of  Exposure  at  Elevated  Temperature  on  the  Elevated 

Temperature  Strength  - 

These  curves  are  presented  as  'Per  Cent  Strength  of  Room 
Temperature  vs  Temperature';  they  show  the  effect  of  exposure  time  at 
temperature  on  the  elevated  temperature  properties.  Each  of  these 
figures  contains  a  number  of  curves  -  one  for  each  exposure  time.  The 
curves  are  drawn  for  each  exposure  time  using  the  same  technique  as 
described  in  the  foregoing  section,  and  are  plotted  on  the  same  graph 
for  easy  comparison. 

6.2.3  Effect  of  Exposure  at  Elevated  Temperature  on  Room 

Temperature  Properties  - 

These  curves  are  presented  in  'Per  Cent  Strength  at  Room 
Temperature  vs  Exposure  Temperature';  they  show  the  effec  t  on  the  pro¬ 
perties  of  specimens  tested  at  room  temperature  after  exposure  to  eleva¬ 
ted  temperature.  These  curves  are  drawn  using  the  same  technique 
described  in  the  preceding  sections. 
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6.2.4  Stress-Strain  Carvea 


The  method  used  to  obtain  these  curves  is  as  follows: 

a.  a  smooth,  weil  defined  curve  typical  of  those  obtained  during 
testing  was  selected  and  repictted  on  regular  graph  paper. 

b.  Percentages  were  taken  ol  the  .2  per  cent  yield  strength  and  the 
plastic  strains  required  to  obtain  these  values  were  noted. 

c.  The  modulus  to  be  used  was  selected  by  comparison  between  data 
generated  in  this  program  and  data  in  published  literature. 

d.  The  'A'  value  of  the  yield  strength  was  used  as  the  room  tempera¬ 
ture  value  in  these  curves;  the  percentage  of  the  *Af  value  to  be  used  at  elevated 
temperature  was  obtained  from  the  appropriate  figure. 

e.  The  straight  line  portion  of  the  curve  was  drawn  using  the  selected 
modulus  and  then  the  remaining  portion  of  the  curve  was  plotted  using  the 
plastic  strains  noted  in  step  (b)  and  the  percentage  of  the  appropriate  yield 
strength . 
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6.3  Room  Temperature  Tensile  Strength  Distribution 

This  investigation  did  not  contemplate  conducting  an  analysis 
of  variance  to  determine  the  contribution  of  such  factors  as  testing, 
form,  vendor,  etc  to  the  overall  variance  of  a  given  alloy.  Such  an 
analysis  normally  expressed  in  terms  of  root  mean  square  deviations 
of  individual  observations  from  their  mean  would  be  beyond  the  scope 
of  this  program.  However,  in  order  to  indicate  the  manner  in  which 
some  of  these  factors  may  be  influencing  strength  variations,  the  range 
of  values  (the  lowest  and  highest  values)  are  plotted  against  some  of  the 
more  significant  variable s  (i.e.,  heat,  form,  etc.).  The  presentation 
incorporates  all  data  including  testing  accomplished  under  this  contract 
as  well  as  data  available  from  other  sources. 

Only  room  temperature  values  are  plotted  since  these  data  are 
least  likely  to  be  influenced  by  testing  techniques  and  there  seems  to  be  a 
fairly  good  correlation  between  this  parameter  and  other  properties  such 
as  shear  strength,  bearing  strength,  etc.  In  addition,  the  elevated  temp¬ 
erature  strength  in  a  uniform  material  will  normally  be  proportional  to 
the  room  temperature  strength  at  least  out  to  some  critical  temperature 
range . 


This  method  of  presentation  has  its  limitations  and  in  some 
instances,  may  lead  to  some  confusion  particularly  when  one  considers 
that  a  plot  of  the  range  of  values  found  within  a  heat  will  incoiporate  (in 
some  instances)  the  range  found  from  sheet  to  sheet  within  the  heat  as 
well  as  the  range  within  a  sheet.  It  does,  nevertheless,  give  a  good  in¬ 
dication  as  to  which  factors  are  the  predominating  ones.  If,  for  example, 
the  range  of  values  for  a  given  vendor  and  gauge  thickness  is  30,000  psi 
from  heat  to  heat,  10,000  psi  from  sheet  to  sheet  within  a  heat  and 
5,000  psi  with  a  sheet,  it  is  safe  to  assume  that  if  the  number  of  obser¬ 
vations  is  adequate  in  all  categories  that  the  greatest  variation  in  strength 
results  from  the  heat  composition. 
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6.3.1 


Material  Rene'  41 


The  range  of  room  temperature  tensile  properties  found  with¬ 
in  a  single  sheet,  bar  or  forging  are  shown  in  Figure  33.  Specimens  were 
taken  so  as  to  the  form  in  a  random  manner  and  only  these  values  are 

plotted  where  a  sufficient  number  of  specimens  were  tested  to  make  the  data 
meaningful.  The  letter  designation  applies  to  the  heat  involved  and  repetitive 
letters  indicate  the  une  heat.  All  heats  were  produced  by  the  General 
Electric  Company. 

Figure  33  indicates  very  little  difference,  if  any,  between 
longitudinal  and  transverse  properties  except  for  the  significantly  lower 
transverse  strength  in  1  x  3  inch  forgings.  The  spread  in  values  is  relati'-elv 
small,  particularly  in  sheet  gauges  .020  to  .080  inches.  The  AMS  specifica¬ 
tion  requirements  were  satisfied  as  to  room  temperature  yield  strength  for 
all  forms.  The  same  is  true  of  the  ultimate  strength  excep.  for  one  1x3 
inch  forging  from  heat  F. 

The  range  of  room  temperature  tensile  properties  found  from 
sheet  to  sheet  within  a  single  heat  are  presented  in  Figures  34  thru  f?  broken 
down  by  Producer.  Most  of  these  data  were  collected  by  the  Quality  Control 
Laboratory  of  Republic  Aviation  Corporation  as  part  of  incoming  inspection 
of  production  material  over  the  last  two  years  and  as  such  are  considered 
representative  of  the  current  quality  of  the  alloy  in  sheet  form.  The  number 
of  sheets  per  heat  is  indicated  for  each  gauge  thickness.  In  the  majority  of 
cases,  only  one  specimen  was  tested  for  each  sheet  and  this  in  the  direction 
transverse  to  the  grain  flow. 

The  maximum  spread  in  values  in  Vendor  A  material, 

Figure  34  occurred  in  the  13  sheets  of  .050  inch  material;  however,  the 
direction  of  scatter  is  favorable  in  that  it  is  toward  higher  tensile  properties 
(i.e,,  the  lowest  points  are  140, 000  p si  yield,  190, 000  psi  ultimate).  All 
points  satisfy  AMS  specification  requirements . 

Only  .013  and  .025  sheets  were  purchased  from  Vendor  B. 

The  .013  inch  material  exhibits  generally  lower  properties  than  the  .025  inch 
material,  however,  this  may  be  attributed  to  the  difficulty  in  testing  thin 
gauge  material.  In  any  event,  all  tests  satisfy  the  AMS  requirements  exc  ept 
for  minor  deficiencies  in  the  tensile  yield  (lowest  value  obtained  127,000  psi). 
Vendor  C  material  (.020,  .025,  and  .032  inch  sheet)  shows  remarkedly  little 
scatter.  All  values  satisfy  AMS  yield  and  ultimate  strength  requirements. 
Ranges  for  V  ndors  B  and  C  are  shown  in  Figures  35  and  36  respectively  . 

Vendor  D  material  (.020,  .025,  .032  and  .050  inch)  exhibits  a 
normal  scatter  pattern  except  where  the  spread  is  large  (i.e.  ,  the  21  sheets 


98 


from  the  .025  inch  material),  the  values  extend  significantly  below  the  AMS 
minimum  requirements.  Some  of  the  actual  values  obtained  which  are  typ¬ 
ical  of  this  scatter  when  it  occurs  are  shown  in  Table  23,  The  remarkable 
feature  of  this  data  is  the  consistency  within  a  given  sheet,  as  well  as  the 
consistency  from  sheet  lu  sheet  among  the  rejects  Rejects  are  generally 
tested  with  two  additional  specimens  from  the  same  sheet  so  that  repetitive 
sheet  numbers  in  the  table  represent  the  same  sheet.  Figure  37  shows  range 
of  values  . 


Figure  38  shows  the  variation  from  heat  to  heat,  analyzed  by  vendor 
and  gauge,  and  includes  all  data  points  available  within  a  given  heat.  The  num¬ 
ber  of  heats  per  gauge  are  shown  in  parenthesis.  All  values  from  material 
produced  by  Vendors  A,  B,  and  C  were  above  the  specification  minimums  with 
the  exception  of  the  .013  inch  material  from  Vendor  B.  In  this  latter  case, 
approximately  3  sheets  out  of  233  did  not  satisfy  the  130,000  psi  minimum  yield 
strength  (the  lowest  value  obtained  being  123,000  psi).  Vendor  D  material  as 
anticipated  shows  the  lowest  values  for  .025,  .032  and  050  inch  material;  the 
.020  and  .070  inch  sheet  from  the  same  vendor  does  not  exhibit  this  deficiency  . 
While  the  material  which  did  not  meet  the  strength  requirements  of  the  applic¬ 
able  AMS  specification  was  rejected  by  Quality  Control,  the  values  obtained 
were  used  in  the  calculation  for  'A'  and  'B'  properties. 

It  is  interesting  to  note  the  erroneous  conclusions  that  can  result  if 
a  full  picture  of  material  variation  is  not  known  when  a  calculation  is  made  for 
'A'  and  'B'  values  for  MIJLHDBK-5.  For  example,  there  were  approximately 
90  data  points  from  8  heats  available  for  establishing  room  temperature  tensile 
strength  in  the  longitudinal  direction.  Since  this  population  is  very  close  to  the 
minimum  requirements  of  Reference  114,  the  'A'  and  'B'  values  directly  calcu¬ 
lated  would  give  the  following: 


A 

B 

Ftu 

Long  . 

188.2 

193.5 

F  ty 

Long  . 

139.9 

145.5 

The  'A'  and  'B1  values  directly  calculated  for  the  transverse  direction  are  as 
follows: 


A 

B 

Ftu 

T  rans . 

177.7 

185.8 

*  ty 

T  rans . 

123.6 

134.0 

Figure  38  however,  shows  that  there  is  very  little  difference  between  longitu¬ 
dinal  and  transverse  properties.  The  reason  for  the  discrepancy  is  that  all  of 
the  data  for  the  longitudinal  analysis  came  from  2  of  3  vendors  with  demonstrated 
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superior  tensile  strength  while  the  transverse  data  includes  the  low  values 
from  Vendor  D  (longitudinal  properties  were  not  available  from  Vendor  D). 

A  substantial  upgrading  in  minimums  would  have  resulted  if  these  later 
values  were  eliminated  from  the  transverse  'A1  and  'B'  analysis.  For 
this  reason,  the  longitudinal  'A*  and  'B'  values  reported  were  derived 
from  the  transverse  values  as  being  more  representative  of  the  actual 
strengths . 

While  this  presentation  only  considers  room  temperature  tensile 
data,  the  trend  established  persists  at  least  up  to  1400°F.  Typical  values 
for  room  temperature  versus  1400°F  are  presented  in  Tables  23  for 
Vendor  D  material. 

6.3.2  Material  L-605 

The  range  of  room  temperature  tensile  properties  found  within  a 
single  sheet,  plate,  bar  or  forging  are  shown  in  Figure  39.  The  presenta¬ 
tion  for  this  figure  as  well  as  Figures  40,  41  and  42  follow  the  same  format 
as  Rene'  41 . 

Referring  to  Figure  39,  the  degree  of  scatter  is  negligible  except 
for  the  foil  gauges  (i.e.  ,  .005  and  .010  inches).  The  longitudinal  proper¬ 

ties  are  somewhat  higher  than  the  transverse  in  sheet  thicknesses  and 
considerably  higher  in  foil.  With  the  exception  of  the  fail  gauges,  form  does 
not  seem  to  exert  any  significant  influences  on  strength. 

The  range  of  room  temperature  tensile  properties  from  sheet  to 
sheet  within  a  heat  are  presented  in  Figure  40.  Once  again  the  foil  gauges 
exhibits  the  greatest  spread  in  values. 

The  range  of  values  from  heat  to  heat  within  a  given  thickness  is 
shown  in  Figure  41  for  bar,  plate  and  forgings  in  the  longitudinal  direction, 
and  this  data  was  collected  by  the  Haynes  Stellite  Company  as  part  of  their 
quality  control  inspection.  The  range  of  properties  for  the  heats  evaluated 
under  this  contract  are  indicated  by  an  'x'  on  the  graphs. 

In  general,  the  uniformity  of  the  alloy  is  excellent  considering  the 
number  of  heats  represented,  and  all  values  satisfy  the  AMS  specification 
requirements . 

6.3.3  Material  Incunel  702 

The  range  of  room  temperature  tensile  strength  found  within  a 
single  sheet  is  shown  in  Figure  43.  All  material  was  purchased  from  the 
International  Nickel  Company.  The  foil  was  reduced  from  .020  to  .005 
inches  by  the  Hamilton  Watch  Company. 
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j  The  .005  inch  material  is  considerably  lower  in  strength 

than  the  .020  and  .040  inch  materials.  The  .040  inch  material  is  very 
uniform  in  strength  and  does  not  show  any  difference  in  tensile  strength 
between  the  longitudinal  and  transverse  directions.  The  .020  inch  sheet  in 
this  respect  is  very  erratic  and  somewhat  heat  dependent.  The  longitudinal 
strength  is  lower  in  heat  C.  higher  in  neat  5,  and  the  same  in  heat  A  with 
respect  to  the  transverse  direction.  The  longitudinal  and  transverse  strength 
are  the  same  for  .005  inch  foil.  The  largest  spread  in  values  occurs  in  the 
.020  inch  sheet;  however,  the  tendency  is  toward  higher  strength  particularly 
in  the  longitudinal  direction,  and  the  degree  appears  to  be  a  function  of  the 
heat  involved.  The  B  heat  for  example  ,  exhibits  the  largest  spread  in  both 
the  .020  and  .005  inch  thicknesses. 

The  range  within  a  heat  and  from  heat  to  heat  is  shown  in 
Figures  44a  and  b  respectively.  Again,  this  data  is  limited  but  the  spread 
within  a  category  does  not  appear  to  be  excessive. 

6.3.4  Material  Incoloy  901 

The  range  of  values  from  room  temperature  tension  and  com¬ 
pression  yield  strengths  found  within  a  single  bar  or  forging  are  shown  in 
Figure  45.  The  spread  appears  to  depend  on  the  heat  analyzed.  Heat  E  exhibits 
the  maximum  range  in  all  3  forms  tested  (e.g.  ,  .5  inch,  1  inch  bar,  and  1x3 

inch  forging).  In  general,  the  strength  within  a  heat  appears  to  be  independent 
of  section  size.  (Heat  F  is  a  good  illustration.) 

Figure  46  presents  the  range  of  tensile  properties  compared 
on  a  heat  to  heat  basis  for  a  given  section  size.  The  number  of  heat  per  gauge 
is  shown  in  parenthesis  .  Letter  designations  are  used  to  represent  different 
vendors  which  are  not  the  same  as  those  analyzed  under  Rene1  41  .  The  heat 
range  from  Vendor  A  material  includes  the  variation  within  a  single  bar  or 
forging  whereas  the  others  do  not.  This  is  responsible  for  the  greater  range 
exhibited  by  Vendor  A  even  though  a  lesser  number  of  heats  were  evaluated. 

The  limited  data  available  for  this  analysis  would  suggest 
that  the  maximum  variation  in  properties  can  occur  within  a  given  bar  or  forging, 
and  that  the  spread  is  a  heat  characteristic,  the  variation  from  heat  to  heat 
does  not  appear  to  be  excessive. 

6.3.4.  1  Compression 

The  range  of  room  temperature  compression  yield  strength 
within  a  given  heat  for  Ri  ne'  41  ,  L-605  and  Inconel  702  are  shown  in  Figures 
47  -  49. 
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FIG.  38 
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FIG.  46 
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FIG.  47 
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SECTION  VI  -  SUMMARY  OF  TEST  RESULTS 


6.  3.  5  RANGE  OF  ROOM  TEMPERATURE  STRENGTH  AND  ELONGATIONS 

TABLE  NOs.  23  and  24 

FIGURE  NOs.  33  thru  49 
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TABLE  23 

TXIS1LI  mnCTH  AID  CLOMCATIOM  OP  SHOT  MATERIAL  KXKl'41 
VKMD08  D  MATERIAL 


Room  TgwtUM  023"  C«viti  _ 1*00°F 


Sheet  # 

Ultimate 

Yield 

Elongation 

Ultimate 

Yield 

Elongation 

MI 

MI 

Percent 

X8I 

MI 

Farcent 

Hut  X  1 

190.6 

156.9 

24.9 

174.2 

12.5 

2 

189.4 

139.8 

25.0 

176.3 

- 

13.0 

3 

184.0 

136.2 

24.5 

163.8 

- 

14.0 

4 

188.8 

140.6 

24.5 

174. 3 

- 

14 

5 

190.2 

139.8 

23.0 

177.0 

- 

14 

6 

189.1 

140.7 

24.0 

170.7 

- 

12.5 

7 

194.6 

143.9 

24.0 

168.9 

- 

13.5 

8 

192.0 

139.3 

24.0 

169.0 

- 

12.5 

9 

189.9 

137.4 

26.0 

171.4 

- 

14.5 

10 

191.9 

144.1 

20.0 

184.1 

- 

12.0 

11 

195.5 

149.8 

23.0 

174.0 

- 

13.0 

12 

195.1 

149.6 

23.0 

178.7 

13.0 

13 

198.0 

156.0 

22.0 

192.2 

10.5 

14 

194.9 

150.8 

23.5 

179.6 

12.0 

15 

193.7 

145.1 

23.5 

185.1 

12.0 

16 

195.7 

152.5 

23.0 

186.4 

11.0 

17 

195.2 

151.0 

22.5 

168.8 

12.0 

18 

178.8 

119.1 

26.0 

156.3 

15.0 

18 

183.0 

121.4 

24.0 

. 

- 

. 

18 

174.8 

118.4 

17.5 

- 

_ 

. 

19 

178.3 

125.3 

27.0 

159.8 

m 

14 

19 

172.5 

115.3 

20.5 

- 

• 

- 

19 

174.1 

118.7 

23.5 

. 

• 

20 

171.3 

114.7 

24.0 

147.7 

- 

13.5 

20 

169.1 

114.5 

20.0 

- 

- 

20 

175.4 

113,6 

25.0 

- 

m 

_ 

21 

177.6 

117.6 

22.5 

161.0 

- 

14.5 

21 

182.0 

123.7 

24.0 

- 

• 

21 

189.9 

140.7 

23.5 

- 

- 

- 

AMS  5545  (min.) 

170.0 

130.0 

10.0 

135.0 

3.0 

Repetitive  numbers  indicate  retests  from  same  sheet. 
All  tests  on  this  page  come  from  the  same  Heat. 
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TENSILE  STRENGTH  Amu  ELONGATION  OF  SHEET  MATERIAL  RENE  41 


Room  Taaparatura  032"  Cauga  _ _ 1400&F 


Shaat  # 

Ultimata 

Ylald 

Elongation 

Ultinata 

Ylald 

Elongation 

RSI 

RSI 

Parcant 

RSI 

RSI 

Parcant 

Hast  Y  l 

182 

124.9 

27.0 

149 

108.6 

5.5 

2 

189.1 

137.8 

23.5 

146.7 

121.1 

11.5 

3 

179.2 

124.7 

24.5 

149.3 

109.1 

11.5 

4 

172.7 

122.1 

19.5 

143.7 

107.9 

1L5 

5 

182.1 

126.7 

27.5 

159.6 

117.3 

13.0 

6 

175.6 

119.9 

27.5 

158.7 

112.7 

14 

7 

173.8 

114.2 

26.0 

138 

105.8 

9 

7 

178.8 

121.6 

18.0 

- 

- 

- 

7 

168.9 

125.2 

11.5 

- 

- 

- 

6 

176.8 

124.4 

21.5 

141 

104.5 

9.5 

9 

162.0 

118.4 

14.5 

138 

106.0 

8 

9 

162.0 

118.4 

14.5 

- 

«B 

. 

9 

151.0 

119.9 

9.0 

- 

- 

tm 

Haat  Z  1 

184 

148.6 

25.5 

170.3 

124.7 

11.5 

2 

193.5 

148.2 

22.5 

157.3 

121.2 

11.0 

3 

192.3 

144.3 

23.5 

170 

127 

13 

4 

194.6 

140.6 

23.5 

147.2 

121.5 

8 

5 

185.9 

131.6 

26.5 

148.7 

111.0 

14 

6 

188.5 

142.5 

22.0 

160.5 

121.3 

16.5 

7 

189.4 

139.4 

26.0 

171.8 

121.5 

15 

8 

186.9 

132.4 

26.0 

166.0 

122.0 

15 

9 

190.2 

142.3 

24.0 

172.9 

128.7 

14 

10 

188.3 

132.7 

24.5 

173 

119.9 

16.5 

11 

183.6 

132.1 

25.0 

160.7 

115.4 

14 

12 

192.7 

139.3 

26.0 

181.4 

129.1 

14 

13 

186.3 

131.0 

26.0 

160.8 

- 

13 

14 

180.2 

126.2 

27.5 

168.9 

125 

15.5 

14 

185.0 

119.7 

25.0 

- 

- 

- 

14 

178.9 

124.7 

21.0 

- 

- 

- 

AMS  5545 

170.0 

130.0 

10.0 

140.0 

110.0 

3.0 

Retests  from  same  sheet. 

Sheet  groups  1-9  -  Same  Heat 

Sheet  groups  1-14  -  Different  Heat  than  1-9 
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6.4 


Mechanical  Property  Discussion,  Material  Rene '  1 1 


m 

.-meet 


Effect  of  Temperature  on  Strength  (Short  Time).  Essentially  there  ih  no 
difference  between  the  longitudinal  and  transverse  properties  except  for 
th*  compressive  yield  strength  where  the  transverse  is  higher  to  1400°F 
atwhichpoint  the  curves  join  and  remain  the  same  to  1800°F.  The  com¬ 
pression  yield  is  higher  than  the  tension  yield  to  1400°F.  There  is  only 
slight  loss  of  strength  for  all  properties  up  to  1  ZOO- 1400  °F  after  which 
degradation  becomes  rapid.  All  the  curves  are  nearly  parallel  to  1200°F. 

Exposure  Effects  -  Exposure  at  elevated  temperature  has  no  degrading  ef¬ 
fect  on  the  room  temperature  properties  with  the  exception  of  bearing 
strength  below  1400  F;  above  this  temperature  deterioration  is  rapid  even 
for  the  10  hour  curve.  The  bearing  ultimate  and  yield  show  a  secondary 
hardening  effect  and  deterioration  for  long  time  exposure  (500-1000  hours) 
starts  at  1200°F. 

Length  of  time  at  temperature  has  no  effect  on  the  elevated  tempera¬ 
ture  properties  below  1400  F;  in  comparison  to  the  1/2  hour  condition;  above 
this  temperature,  Long  time  exposure  does  cause  some  additional  degrada¬ 
tion  but  it  is  not  excessive. 

Foil 


Effect  of  Temperature  on  Strength  (Short  Time)  -  The  curve  for  the  ultimate 
tensile  strength  is  parallel  to  that  for  sheet  but  consistently  lower;  the  tensile 
yield  strength  is  lower  than  for  sheet  to  1200  F  where  the  curves  join  and 
only  exhibit  minor  differences  to  1800°F. 

Exposure  Effects  -  ^  no  -ixcCt  of  exposure  at  elevated  temperatures 

on  the  room  or  elevated  temperature  strength  below  1400°F;  above  this 
temperature  deterioration  is  extremely  rapid.  When  a  time  curve  ends 
abruptly,  it  indicates  that  higher  temperatures  resulted  in  specimens  which 
could  not  be  tested  due  to  severe  degradation.  Foil  exposed  was  .005  inch. 

Bar,  Plate  and  Forging 

Effect  of  Temperature  on  Strength  (Short  Time)—  The  sheet  properties  are 
generally  higher  to  1400UF  where  they  tend  to  converge.  The  bearing  and 
shear  properties  are  almost  identical  with  sheet.  There  is  little  loss  of 
strength  to  1400  F  after  which  deterioration  becomes  rapid. 
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6.  !) 

L-605 


The  yield  to  ultimate  strength  ratio  of  this  alloy  in  the  solution  treated 
condition  is  in  the  order  of  ,  45-.  5U.  The  alloy  has  very  good  ductility  coupled 
with  ;  high  strain  hardening  rate.  For  this  reason  if  the  full  ductility  of  which 
the  alloy  is  capable  is  not  achieved  the  full  ultimate  strength  capability  will 
not  be  developed.  In  the  testing  of  the  sheet  and  foil  gauges  this  t  an  create  a 
real  problem.  Although  the  specimen  is  reduced  by  some  .003  to  .005  inches 
to  force  failure  at  the  center  of  the  reduced  section  the  tremendous  stretching 
that  takes  place  over  the  whole  gauge  length  causes  the  failure  to  be  somewhat 
random  over  the  entire  test  section.  In  addition  the  extensometer  which  bites 
into  the  material  can  be  the  deciding  factor  in  inducing  failure.  All  of  these 
factors  will  tend  to  reduce  ductility  and  ultimate  tensile  strength.  The  strain 
rate  after  yield  may  also  influence  the  magnitude  of  the  ultimate  strength.  The 
tests  in  this  program  were  conducted  in  accordance  with  ARTC-I2  which  re¬ 
commends  .005  inch  per  inch  per  minute  through  the  .  2  per  cent  yield  after 
which  the  rate  is  adjusted  to  induce  failure  in  one  minute.  Since  the  percentage 
elongaLions  in  this  aLloy  were  as  high  as  60  per  cent  the  strain  rate  to  failure  is 
abnormally  high  in  comparison  with  most  conventional  materials. 

These  factors  render  the  ultimate  strength  values  somewhat  question¬ 
able  in  many  instances.  This  would  not  normally  be  an  important  factor  in 
design  since  the  low  yield  strength  would  be  the  determining  factor  in  any  analysis. 
If  the  data  iB  being  used  to  establish  trends  however,  these  factors  should  be  con¬ 
sidered. 

Sheet 


Effect  ot  Temperature  on  Strength  (Short  Time)  -  There  is  no  difference  in  the 
longitudinal  and  transverse  properties  throughout  the  temperature  range  investi¬ 
gated,  except  for  the  compressive  yield  strength  (Fey).  The  transverse  com¬ 
pressive  yield  strength  is  higher  than  the  longitudinal  at  room  temperature,  the 
curves  tend  to  converge  join  at  approximately  1400°F  and  are  the  same  out  to 
1800°F. 


The  compressive  yield  (Fey)  and  tensile  yield  (Fty)  strengths  are  almost 
identical.  The  tensile  and  compressive  yield  strengths  (Fty  and  Fey)  show  very 
good  retention  of  properties  after  an  initial  drop,  (between  room  temperature 
and  800°F)  out  to  1800°F. 

The  tensile  and  shear  ultimate  strengths  (Ftu  and  F su)  are  approximately 
parallel  to  about  1300°F,  after  which  they  converge  meeting  at  1800°F.  The 
bearing  ultimate  strengths  (Fbru)  for  e/D  *  1,5  and  e/D  *  2.0  are  approximately 
parallel  to  each  other  and  to  the  tensile  ultimate  (Ftu).  The  bearing  yield 
strengths  (Fbry)  for  e/D  *1.5  and  e/D  *2.0  are  approximately  parallel  to  each 
other  and  to  the  tensile  yield  Fty)  up  to  1400°F  after  which  the  bearing  strength 
tends  to  fall  off  at  a  higher  rate. 
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Exposure  Effects  -  Exposure  at  elevated  temperatures  shows  no  significant 
loss  in  room  temperature  strength  except  for  the  ultimate  tensile  (Ftu) 
which  exhibits  a  slight  decrease  for  long  exposures  (500-1000  hours)  in  the 
1600-1800°F  range.  This  loss  in  tensile  strength  is  attributed  to  a  decrease 
in  ductility.  All  other  properties  show  a  secondary  hardening  effect. 

The  curves  illustrating  the  effect  of  exposure  time  on  the  elevated 
temperature  strengths  show  all  curves  higher  than  the  1/2  hour  curve  except 
the  1000  hour  curve  which  shows  some  slight  degradation  for  temperatures 
in  excess  of  1400°F. 

Plate,  Bar  and  Forging 

Effect  of  Temperature  on  Strength  (Short  Time)  -  There  is  no  difference  be¬ 
tween  longitudinal  and  transverse  properties.  The  ultimate  tensile  strength 
is  almost  the  same  as  for  sheet  to  1000°F  then  becomes  higher.  The  tensile 
yield  strength  is  slightly  lower  for  bar,  plate  and  forging,  then  for  sheet 
over  the  whole  temperature  range  to  1700°F  where  the/  join.  The  compress¬ 
ive  yield  strength  is  almost  identical  to  the  tensile  yield  strength.  The  shear 
ultimate  is  lower  than  that  of  sheet  until  approximately  1150°F  where  they 
cross,  then  is  higher  to  1800°F  where  they  join. 

The  bearing  ultimate  stress  with  e/D  =  2.0  starts  out  lower  than  for 
sheet  but  crosses  the  sheet  curve  at  900°F  and  is  higher  to  1800°F.  The 
bearing  yield  strength  with  e/D  =  2.0  is  lower  than  for  sheet  over  the  entire 
temperature  range.  The  bearing  ultimate  strength  with  e/D  =  1.5  is  lower 
than  sheet  over  the  entire  temperature  range  while  the  yield  strength  with 
e/D  =  1.5  starts  higher  than  for  sheet  but  crosses  at  550°F  and  remains 
lowe  r  . 

Foil 


The  longitudinal  and  transverse  tensile  yield  strengths  (Ft/)  of 
.010  inch  foil  are  identical. 

The  transverse  tensile  yield  strength  (Fty)  of  the  .005  inch  foil  is 
slightly  lower  than  the  longitudinal  over  the  whole  temperature  range  in¬ 
vestigated.  The  .005  inch  foil  has  higher  tensile  ultimate  (Ftu)  and  yield 
(Fty)  strengths  than  the  .010  inch  foil. 

The  tensile  yield  strength  (Fty)  of  sheet  lies  between  the  .005 
inch  foil  and  .010  inch  foil  over  the  whole  temperature  range. 

Exposure  Effects  -  All  exposure  data  were  obtained  on  .005  inch  foil.  There 
is  no  effect  of  exposure  at  elevated  temperatures  or  the  room  temperature 
strengths  below  900°F;  above  this  temperature  deterioration  is  rapid  even 
afte  r  1  0  hours  . 
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exposure  for  the  ultimate  tensile  strength  (Ftu),  while  the  yield  strength  (Fty) 
shows  a  secondary  hardening  effect  at  1200°F  and  deterioration  starting  at 
1400°F  for  10  -  500  hours  and  at  1200°F  for  1000  hours.  Specimens  exposed 
for  1000  hours  at  1800  F  could  not  be  tested  because  of  the  warpage  and  gen¬ 
eral  material  degradation  due  to  oxidation. 

The  effect  of  time  at  temperature  on  the  elevated  temperature  tensile 
ultimate  shows  deterioration  starting  as  low  as  1100  F  for  long  time  exposures. 
The  tensile  yield  curves  in  this  category  show  secondary  hardening  at  1200  F 
and  the  start  of  degradation  at  about  1400°F  for  the  longer  exposure  times. 
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6,6  Mechanical  Property  Discussion,  Materials  Inconel  702  and 
Ineoloy  901 

6.6*1  Material  IncOJiil  702 
Sheet 


Effect  of  Temperature  on  Strength  (Short  Time)  -  The  longitudinal  and  transverse 
properties  are  the  same  throughout  the  temperature  range  investigated.  The  dif¬ 
ference  between  the  ultimate  tensile  (Ftu)  and  the  tensile  yield  (Fty)  strengths 
is  large  from  room  temperature  to  800°F,  Above  800°F,  the  ultimate  strength 
(Ftu)  starts  deteriorating  rapidly  while  the  yield  strength  (Fty)  starts  to  rise 
slightly  at  1000°F,  peaks  at  1200°F  and  then  falls  off  rapidly.  From  1400  to  1800 
°F,  the  tensile  ultimate  (Ftu)  and  tensile  yield  (Fty)  strengths  arc  almost  identical 
(the  ultimate,  Ftu,  being  slightly  higher).  The  same  effect  (i.  e.,  overlapping  of 
ultimate  and  yield)  is  displayed  in  the  bearing  strength  ( Fbru  and  Fbry)  for  both 
edge  distances  (i.e.,  e/D  *1.5  and  e/D  *  2.0).  The  bearing  yield  strengths 
(Fbrjj)  do  not  show  the  secondary  hardening  effect  (i,e.,  rise  of  curve  at 
1000  F)  seen  in  the  tensile  yield  (Fty). 

The  shear  ultimate  strength  (Fsu)  runs  out  almost  parallel  to  the  ultimate 
tensile  strength  (Ftu)  until  1200  F,  then  declines  less  rapidly  and  the  curve  cross¬ 
ing  at  approximately  1550°F, 

The  compressive  yield  strength  (Fey)  is  equal  to  the  tensile  yield  strength 
from  room  temperature  to  400°F,  then  starts  to  rise,  peaks  at  1000°F  and  then 
deteriorates  rapidly  meeting  the  tensile  yield  (Fty)  at  1300  F  and  remaining  equal 
to  it  out  to  1800  F. 

The  curves  (Fbru)  are  approximately  parallel  to  the  ultimate  tensile  (Ftu) 
curve.  The  shape  of  the  bearing  yield  strength  (Fbry)  curves  are  almost  the  same 
as  the  tensile  yield  curve  (Fty)i  they  do  not  however  display  the  secondary  harden¬ 
ing  effect. 

Exposure  Effects  -  For  exposure  times  up  to  1000  hours  there  is  no  degradation 
of  room  temperature  strength  properties  for  exposure  temperatures  below  1000°F. 
The  curves  for  all  the  properties  indicate  a  secondary  hardening  effect  in  the 
temperature  range  800—1000  F,  In  the  1200-1800  °F  range  the  room  temperature 
tensile  ultimate  and  yield  (Ftu  and  Fty)  and  the  compressive  yield  (Fey)  strengths 
show  an  initial  decline  in  properties  which  occur:,  within  a  ten  hour  period  and 
subsequent  exposure  does  not  result  in  additional  deterioration;  in  some  cases, 
the  longer  exposure  results  in  higher  room  temperature  strengths.  The  room 
temperature  bearing  ultimate  (Fbru)  and  yield  (Fbry)  and  the  shear  ultimate  (F su) 
strength  curves  do  show  increasing  degradation  with  increasing  exposure  time 
in  the  1400-1800  °F. 
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AIL  the  curves  indicate  that  the  greatest  degradation  occurs  at  approximately 
1600°F,  after  which  the  curves  tend  to  flatten  out. 

There  is  very  little  effect  of  exposure  time  on  the  elevated  tempera¬ 
ture  strengths  of  this  material.  In  all  cases  the  1/2  hour  and  1000  hour  curves 
are  almost  identical.  Significant  differences  only  appear  at  temperatures  above 
1200°F  and  always  disappear  by  1800°F, 

Foil 


Effect  of  Temperature  on  Strengths  (Short  Time)*  There  is  little  degradation  of 
the  ultimate  tensile  strength  (Ftu)  below  lOOO^F;  above  this  point  decay  is  rapid. 

The  decline  of  the  tensile  yield  strength  (Fty)  is  slow  below  1000°Ff  the  rate  of 
d^cay  increases  above  this  temperature  but  not  as  rapidly  as  the  ultimate  strength. 
The  ultimate  and  yield  strengths  (Ftu  and  Fty)  of  the  foil  are  lower  than  the  sheet 
until  approximately  1600  F  where  they  tend  to  converge. 

Exposure  Effects  -  There  is  no  effect  of  exposure  at  elevated  temperature  on 
the  room  temperature  ultimate  tensile  (Ftu)  or  tensile  yield  (Fty)  strengths 
below  1200  F.  Above  this  temperature  the  rate  of  degradation  increases  with 
increasing  exposure  time.  The  foil  does  not  display  the  secondary  hardening 
effect  seen  in  the  sheet,  Length  of  exposure  at  elevated  temperatures  has  little 
effect  on  the  elevated  temperature  tensile  yield  strength  (Fty);  the  1/2  hour  and 
1000  hour  curves  being  almost  identical  with  a  maximum  difference  of  approxi¬ 
mately  16  per  cent  at  1400  F,  Length  of  time  at  temperature  has  a  greater 
effect  on  the  elevated  temperature  ultimate  tensile  strength  (Ftu);  rapid  degrada¬ 
tion  begins  at  a  lower  temperature  and  the  maximum  difference  is  approximately 
30  per  cent  at  1300  F,  This  latter  condition  is  accompanied  by  a  loss  in  ductility 
probably  due  to  oxidation  effects, 

6,  6,  2  Material  Incoloy  901 

Effect  of  Temperature  on  Strength  (Short  Tirrte)  -  The  longitudinal  tensile  ultimate 
strength  (Ftu)  is  slightly  higher  than  the  transverse  up  to  1400°F  where  they  con¬ 
verge.  This  is  also  true  in  the  case  of  the  tensile  yield  (Fty),  compressive  yield 
(Fey)  and  shear  ultimate  (Fsu),  except  that  the  compressive  yields  do  not  join 
until  a  slightly  higher  temperature  (1500°F),  The  retention  of  strength  of  this 
alloy  is  good,  showing  only  slight  losses  in  strength  up  to  1000-1200°F  range. 

Exposure  Effects  -  Exposure  for  periods  of  time  up  to  100  hours  have  no  effect 
on  the  room  temperature  ultimate  tensile  strength  for  temperatures  below  1400  F; 
above  this  temperature,  deterioration  is  rapid.  For  longer  exposures  (i.e,, 
500-1000  hours)  deterioration  begins  at  1000  F  and  progresses  rapidly.  Exposure 
effects  on  the  room  temperature  tensile  yield  strength  are  approximately  the  same 
as  for  the  ultimate  strength  except  that  deterioration  begins  at  a  somewhat  lower 
temperature  (1200°F)  for  10-100  hour  exposure.  Above  1600°F  there  is  little 
effect  of  length  of  exposure  on  these  properties.  Only  .005  inch  foil  was  tested. 
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Exposure  for  periods  up  to  100  hours  have  no  effect  on  the  elevated 
temperature  properties  at  temperatures  below  1200°F;  above  thU  temperature 
the  deterioration  in  comparison  to  the  1/2  hour  curve  reaches  a  maximum  at 
1400  F  to  1500  F  after  which  the  1/2  hour  and  100  hour  curves  start  to  con¬ 


verge.  Fc.  cXpOSuxcs  5CG-1C00  hours,  the  deterioration  of  elevated  tempera¬ 
ture  strengths  starts  at  1000°F  with  the  maximum  degradation  in  comparison 
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yield.  Above  1600  F  there  is  little  effect  due  to  length  of  time  of  exposure. 
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Creep  tests  were  conducted  for  the  materials  -  Rene  *41,  L-605, 

Inconel  702,  and  Incoloy  901.  The  tests  were  performed  at  temperatures 
oi  1200,  1400,  1600,  and  1800  UF  for  time  periods  up  to  1000  hours.  The 
various  forms  for  each  alloy  are  shown  on  the  respective  graphs  in 
Section  VII.  The  graphs  plotted  indicate  the  stress  versus  the  time 

in  hours  for  a  family  of  percentages  of  plastic  deformations  ranging  from 
0.05  up  to  1.0  per  cent.  The  curves  normally  shown  as  a  single  family 
have  been  separated  in  many  instances  due  to  overlapping  of  test  points 
and  data  scatter  in  order  to  more  clearly  observe  the  difference  (if  any) 
due  to  section  thickness  or  material  form.  Where  test  points  are  not 
shown  for  the  drawn  curves,  the  test  results  had  been  obtained  with  little 
scatter. 

6.7.1  Rene1  41 

The  total  plastic  deformation  curves  at  1200°F  (Figures  81,  88,  89) 
are  closely  grouped  and  diverge  for  the  longer  time  periods  for  all  forms 
except  the  0.  005  inch  gauge  foil.  This  latter  data  is  shown  as  plotted 
points  only  due  to  data  scatter.  At  1400  F,  (Figures  90-92),  the  curves 
are  uniformly  diverging  as  the  time  periods  increase  with  the  thinner 
sections  dropping  more  rapidly.  The  data  for  the  foil  gauge  is  shown  to 
have  more  scatter  at  the  lower  percentage  deformations.  At  1600  F,  (Figures 
93  to  95,  99,  100)the  curves  are  more  widely  separated  due  to  section 
thickness  and  longer  time  periods  indicating  an  accumulative  effect  of  time- 
teinperature  oxidation.  The  tendency  for  curve  reversal  at  the  longer  time 
periods  is  noted  since  the  slope  again  tenets  to  approach  that  stress  rupture 
curve.  Similiar  trends  are  noted  at  1800  F  (Figures  96  through  100) 
with  the  exception  of  the  forgings  curve.  The  basic  tensile  strength  of  the 
forging  material  had  considerable  variation  within  the  forging  as  well  as 
lower  strength  than  the  0.  5  inch  diameter  bar.  However,  as  time- 
temperature  oxidation  effects  increased,  the  forging  material  maintained  a 
higher  percentage  of  its  initial  strength,  thereby  crossing  over  the  curves 
for  the  thinner  gauge  material  as  shown  on  the  respective  graphs. 

6.7.2  L-605 

The  resulting  curves  for  the  total  plastic  deformations  for  the 
material  L-605  are  shown  in  Figures  188  to  198  for  the  various  tempera¬ 
tures.  At  1200°F,  separate  curves  are  shown  for  the  0.005  inch  gauge  foil 
and  the  0.040  inch  gauge  sheet.  The  data  resulted  in  fairly  consistent  curves 
with  the  curves  for  foil  falling  slightly  below  the  curves  for  0.040  inch  sheet. 

The  plotted  results  shown  at  1400°F  are  relatively  closely  grouped 
for  the  various  forms  with  consistent  results  shown  for  the  .005  inch  gauge  foil 
except  at  the  0.05  per  cent  deformation  for  which  no  curve  was  drawn  for  the 
foil  gauge  due  to  scatter  of  test  results.  At  the  0.05  per  cent  deformation  and 
the  0.  1  per  cent  deformation  the  time  periods  range  from  up  to  20  hours  and 
50  hours  respectively  for  the  sheet  material  and  up  to  650  hours  for  forgings. 
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At  1600  F  a  single  series  of  composite  curves  for  all  forms  are 
plotted  at  the  higher  deformation  (1.  0  and  0.  5  per  cent),  and  are  noted 
to  be  parallel  to  the  stress- rupture  curve  for  the  0,  5  inch  bar.  At  the 
lower  deformations,  the  curve  for  foil  is  consistent  but  separated  from 
the  curve  shown  for  all  other  forms. 

The  curves  shown  for  data  at  1800°F  are  near  parallel  to  stress- 
rupture  curves  up  to  100  hours  then  widely  diverge  as  a  function  of 
section  thickness  with  foil  data  being  limited  to  100  hours  in  most  cases, 

6.7.3  Inconel  702 

The  plastic  deformation  curve  for  Inconel  702  as  shown  in 
Figure  27  2  for  sheet  material  only.  At  the  1200  F  temperature, 

curves  are  drawn  for  the  0.  040  inch  gauge  sheet  for  all  deformations  with 
a  few  poigts  shown  for  the  .005  inch  gauge  foil  at  the  lower  deformations. 

The  1400  F  temperature  curves  develop  slight  reversals  of  curvature 
after  relatively  short  time  periods  before  continuing  on  parallel  to  the 
stress-rupture  curve.  Data  for  the  1.0  per  cent  deformation  curve  was 
not  recorded  since  rupture  occurred  near  the  1  per  cent  deformation 
point.  The  material  evidently  approached  third  stage  creep  deforming 
rapidly,  shortly  after  the  previous  data  had  been  recorded. 

At  1600°F  and  1800°F  the  curves  are  drawn  as  straight  lines  with 
the  .05,  0.  1  and  0.3  per  cent  deformation  curves  having  a  single  break 
in  slope  occurring  at  time  periods  less  than  100  hours.  For  each  per 
cent  deformation,  a  single  curve  is  plotted  as  a  composite  of  the  three 
sheet  gauges. 

6.7.4  Incoloy  901 

The  test  results  for  total  plastic  deformation  of  Incoloy  ^01  are 
plotted  and  shown  in  Figure  314  to  Figure  319  .  At  the  1200  F  tempera¬ 
ture,  only  data  for  0.  500  inch  bar  is  plotted  for  all  deformations  and  is 
noted  to  be  straight  lines,  closely  spaced  and  parallel  to  the  stress-- 
rupture  curve  up  to  1000  hours.  Data  for  both  bar  and  forgings  are  shown 
at  14Q0UF  temperature,  the  curves  having  a  gentle  decreasing  slope  at 
the  center  sections  before  dropping  more  rapidly  at  longer  time  periods. 

The  curves  are  consistent  for  the  whole  family  of  deformations.  At  1600  F 
temperature,  however  the  data  for  0.500  inch  bar  is  almost  straight  and 
parallel  to  the  stress -rupture  curve  for  the  0.  3,  0.  5  and  1.0  per  cent 
deformations,  while  a  significant  drop  off  occurs  at  approximately  50  hours 
before  leveling  off  at  the  longer  time  periods  over  100  hours. 

At  the  1800°F  temperature,  data  for  0.500  inch  bar  and  forging 
material  is  very  consistent  and  composite  curves  are  drawn  for  each  of  the  re¬ 
spective  deformations  and  are  very  similiar  in  pattern.  The  time  periods 
range  from  200  hours  for  the  0.05  per  cent  deformation  curve  to  beyond  1000 
hours  for  the  1.0  per  cent  deformation  curve. 


130 


6 . 8  Stress  Rupture 


The  stress  rupture  evaluation  accumulate  data  for  all  alloys  over 
the  1200  to  1800  F  range  in  200  F  increments.  Individual  families  of 
^ui  ves  d re  given  for  each  material  lorm  or  gauge,  and  in  some  cases, 
for  each  grain  direction. 

The  form  or  gauge  of  each  alloy  that  had  been  subjected  to  maximum 
testing  was  used  for  computation  of  a  best  fit  .Larson  Miller  constant  and 
master  rupture  curve.  The  remaining  forms  orciuges  of  a  specific  alloy 
were  then  examined  for  conformance  v/ith  the  parametric  plot  for  the 
'standard'. 

Material  forms  selected  as  base  data  are  as  follows: 


Rene'  41 
L-605 
Inconel  702 
Incoloy  90 1 


0.040  inch  sheet,  transverse 
0.040  inch  sheet,  transverse 
0.040  inch  sheet,  transverse 
0 . 5  inch  bar 


Where  a  significant  departure  was  observed  for  a  different  form  or 
gauge,  an  additional  curve  was  incorporated  on  the  master  rupture  plot. 
Thic  .base  data  was  first  qualified  with  available  published  information. 

No  major  discrepancies  were  observed  between  the  data  generated  in 
this  investigation  and  average  values  obtained  in  a  literature  search. 

Unfortunately,  very  little  foil  rupture  data  was  available  for  supple¬ 
mentary  information.  As  a  consequence,  foil  properties  were  not  in¬ 
cluded  in  master  rupture  plots.  The  behavior  of  this  gauge  was  always 
lower  in  rupture  life  and  sometimes  erratic  in  behavior. 


6.  8. 1  Rene'  41 


Stress  rupture  data  obtained  for  Rene1  41  proved  extremely  uniform 
within  a  given  form.  Stress  to  rupture'eurves  presented  in  Figures  103 
through  107  indicate  identical  performance  for  all  sheet  gauges  (with 
the  exception  of  foil)  regardless  of  grain  orientation.  The  same  is  true 
of  bar  and  forged  materials,  Figure  108  through  110  .  However, 
substantially  higher  rupture  lives  were  exhibited  by  this  class  of  material 
beyond  1400  F.  A  progressive  increase  in  life  is  observed  at  1600  and 
1800  F  over  sheet  with  increasing  time  and  temperature.  This  is 
assumed  to  be  a  result  of  oxidation  since  the  short  time  elevated  tempera¬ 
ture  strengths  for  both  classes  of  material  are  essentially  equal  and  the 
plots  for  each  at  a  given  temperature  are  markedly  divergent  rather  than 
parallel. 

The  master  rupture  chart,  Figure  102  for  sheet  and  bar  illustrates 
this  by  convergence  of  the.two  curves  with  decreasing  values  of  parameter. 
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Foil  testing  indicated  greatly  reduced  performance  compared  to 
sheet.  Curves  have  been  plotted  only  to  100  hours  life  in  consideration 
of  the  relatively  small  quantity  of  data  generated  and  the  severe  oxida¬ 
tion  observed  in  thermal  exposure  specimens  for  times  beyond  this 
amount.  See  Figure  101. 

6.8. 2  L-60S 

The  L-605  stress  rupture  plots  over  the  1200  to  1800  °F  range 
are  provided  in  Figure  199  through  208  .  No  major  variation  was  found 
to  exist  within  a  given  material  form. 

Bar  and  forging  properties  are  generally  superior  to  sheet  material 
particularly  at  the  longer  times  and  higher  temperatures  where  loss  of 
area  through  oxidation  is  most  pronounced.  Oxidation  effects,  however, 
are  not  as  great  as  was  observed  whgn  comparing  Rene1  41  sheet  and  bar, 
and  only  become  appreciable  at  1800  F  for  extended  times. 

A  Larsen-Miller  parametric  constant  of  19  was  employed  to  produce 
the  master  rupture  chart  of  Figure  102.  Foil  (.  005  inch)  was  not  in¬ 
cluded  in  the  master  plot  because  of  limited  data  available.  Examination 
of  the  stress  to  rupture  curves  for  this  gauge  reveal  generally  lower  per¬ 
formance  than  heavier  sheet  material.  Some  difficulty  was  experienced 
at  1200°F  resulting  in  questionable  data  points  higher  in  life  than  for  sheet. 
Stress  rupture  curves  for  foil  have  only  been  plotted  to  lives  of  100-300 
hours,  the  level  of  reasonable  confidence. 

6. 8. 3  Inconel  702 

Stress  rupture  plots  for  Inconel  702  are  given  in  Figure  274  through 

278. 


Larsen-Miller  representation  of  data  obtained  for  0.040  inch  sheet 
(transverse)  resulted  in  a  constant  of  25  being  most  suitable.  The  balance 
of  material,  with  the  exception  of  0.005  inch  foil,  exhibited  good  conform¬ 
ance  with  the  basic  plot. 

Foil  gauge  testing  indicated  severe  divergence  throughout  the  1200 
to  1400  F  range.  Data  for  1600  and  1800  4*  approximates  that  generated 

for  heavier  gauge  sheet, 

6.8,4  Incoloy  901 

Stress  rupture  testing  of  Incoloy  901  evolved  the  curves  shown  in 
Figure  320  through  323.  Rupture  lives  for  0.5  and  1.0  inch  bar,  and 
1x3  inch  forged  bar  were  found  to  be  equivalent. 

The  Larsen-Miller  curve  developed  for  the  0.5  inch  bar  resulted  in 
a  constant  of  29  as  being  most  suitable. 
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6.  9  Axial  Fatigue  Data 


Axial  fatigue  data  was  ar.rnmulated  for  all  mate rials  evaluated  in 
this  program.  Table  11  provides  an  outline  of  the  testing  format  for 
each  alloy  form. 

All  data  has  been  presented  as  individual  S/N  plots  for  a  specific 
form,  stress  ratio  and  temperature.  A  survey  of  available  literature 
produced  nothing  in  the  way  of  supporting  data  to  confirm  or  extend 
these  fatigue  diagrams. 

^  In  attempting  to  satisfy  the  low  cycle  fatigue  requirements  (10^  » 

10  cycles)  of  the  investigation,  a  large  number  of  tests  were  performed 
at  maximum  stresses  well  above  the  0.  2  per  cent  yield  stress  of  the 
material  at  temperature.  As  a  consequence,  severe  plastic  deformation 
and  attendant  work  hardening  were  encountered.  The  resultant  strengthen¬ 
ing  and  the  effects  of  temporary  preload  changes  occurring  with  specimen 
deformation  are  indeterminate  in  nature;  resulting  in  data  of  questionable 
validity.  This  situation  was  ultimately  corrected  by  limiting  the  maximum 
stress  to  values  lower  than  yield  strength.  Unfortunately  the  change  was 
made  rather  late  in  the  program  when  a  significant  percentage  of  tests 
had  already  been  completed. 

The  0.  2  per  cent  yield  strength  is  indicated  on  each  S/N  plot  by  a 
dashed  line.  This  yield  strength  represents  the  rated  or  design  curve 
value  generated  from  tensile  tests  performed  during  the  course  of  this 
investigation. 

The  stress  ratio  'A1  being  equal  to  the  alternating  stress/mean 
stress  by  reading  the  graphs  for  maximum  stresses;  the  other  pertinent 
stresses  are  determined  as  follows; 


Mean  stress 


Alternating  stress  = 
Minimum  stress  = 


Maximum  stress 
1  +  A 


Maximum  stress  x 


Maximum  stress  x 


A 

1  *  A 

1  -  A 
1  +  A 


6.  9. 1  Rene1  41 

An  axial  fatigue  evaluation  was  conducted  on  Rene1  41  in  two  6heet 
gauges,  0.040  and  0.080  inches,  and  1.0  inch  diameter  bar.  Stress  ratios 
from  A  =  0.  25  to  A  =0. 98  were,  employed  up  to  1  800  F. 
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6. 9. 1.1  0.040  Inch  Sheet  Transverse 


a.  Stress  Ratio  A=0.  25  (Figures  1 1 1  to  120) 

The  largest  number  of  tests  at  room  temperature  were  con¬ 
ducted  above  the  rated  (design  curve  value)  0.2  per  cent  yield  strength. 
However,  a  valid  endurance  limit  below  yield  was  obtained  at  135  ksi. 
Subsequent  testing  from  600  to  1200  F  considered  only  a  single  load 
level  undent  yield  strength  at  temperature.  All  tes^s  produced  run-outs 
beyond  10  cycles  at  a  stress  level  equal  to  the  10  endurance  limit 
at  room  temperature. 

A  substantial  reduction  in  fatigue  life  was  found  at  1400°F, 
coincidental  with  the  lall-off  in  static  strength  and  ductility. 

No  detrimental  effects  were  apparent  with  increased  cycling  rate 
at  1000,  1200,  and  1400  °F. 

b.  Stress  Ratio  A=0.  67  (Figures  121  to  129) 

A  format  identical  to  that  of  A  =  0,  25  was  followed  for  this 
stress  ratio  in  that  only  part  of  the  ambient  temperature  testing  was 
performed  below  the  rated  0.2  per  cent  yield  stress. 

Heavy  scatter  was  ^countered  within  1200  to  1400 ^F  minimum 
ductility  range.  Beyond  10  cycles  tests  from  400  to  1200  F  produced 
fatigue  lives  equaling  or  exceeding  room  temperature  performance. 

c.  Stress  Ratio  A^0.98  (Figure  130  to  134) 

A  room  temperature  endurance  limit  (10^  cycles)  was  obtained 
at  80  ksi.  Data  taken  at  600  and  1000  F  tended  to  approximate  the 
room  temperature  curve  over  the  entire  life  range.  At  1000  F  wide 
scatter  was  evident  but  resulted  in  an  endurance  limit  of  the  same  order 
as  room  temperature.  Maximum  scatter  was  again  produced  at  1400  F. 

6.9.1.  2  0.  080  Inch  Sheet  Transverse 

a.  Styress  Ratio  A=0.  25  (Figure  135  to  138) 

The  room  temperature  S/N  curve  effectively  duplicates  that  of 
0.040  inch  sheet  with  an  endurance  limit  of  approximately  140  ksi.  Data 
obtained  for  elevated  temperatures  were  ambiguous  due  to  the  use  of 
maximum  stresses  well  above  the  rate  0.2  per  cent  yield  strength. 

b.  Stress  Ratio  A=0.67  (Figure  139  to  142) 

Room  temperature  S/N  data  produced  for  0,080  inch  gauge  material 
provides  a  reasonable  approximation  to  the  lighter  gauge  material  pre¬ 
viously  evaluated.  Elevated  temperature  S/N  data  were  evalved  on  a  com¬ 
posite  of  test  results  run  above  and  below  the  rated  0.2  per  cent  yield 

strength. 
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6. 9. 1.3  One  Inch  Bar 

Stress  Ratio  A=0.67  (Figure  143  to  147) 

Testing  of  one-inch  diameter  bar  at.  A=0.67  was  conducted  for 
the  moat  part  at  maximum  stresses  above  the  0.  2  ger  cent  yield  strss. 
Some  useful  data  was  obtained  in  the  vicinity  of  10  cycles  for  tempera¬ 
tures  of  HOC,  1200 *  and  1600  °F. 

b.  Stress  Ratio  A=  OO  (Figure  148) 

Only  ambient  temperature  data  to  10^*  cycle  g  was  produced  for 
this  ratio.  When  attempting  tests  at  1000  and  1600  F#  extreme  scattei 
was  encountered  at  all  load  levels.  Further  evaluation  at  elevated 
temperatures  was  not  attempted. 

6.9.2  L-605 

An  axial  fatigue  program  was  conducted  on  L.-6G5  in  0.040  and 
0.080  inch  sheet  (transverse  specimen  orientation)  and  on  1.0  inch 
diameter  bar. 

A  large  percentage  of  testing  was  performed  at  maximum 
stresses  above  the  0.2  per  cent  yield  strength.  The  extremely  low  pro¬ 
portional  limit  of  this  alloy  in  the  solution  treated  condition  made  load 
selection  to  obtain  low  cycle  data  diffici^t.  The  high  ductility  and  notch 
toughness  of  this  material  permits  a  10*  cycle  run-out  at  ambient 
temperature  with  stresses  slightly  below  the  0.  2  per  cent  yield  strength, 
for  example,  .040  gauge  sheet  at  room  temperature,  the  stress  ratio 
(alt.  stress/mean  stress),  A=  0.98. 

6. 9. 2. 1  0. 040  Inch  Sheet  (T ransverse) 

a.  Stress  Ratio  A=0.  25  (Figure  209  to  217) 

Ambient  temperature  S/N  data  was  taken  entirely  ajjove  tbf. 
material  yield  strength.  Failures  were  induced  over  the  10  to  10 
range.  J^levated  temperature  requirements  at  600  -  1200  F  to  estab¬ 
lish  a  10  cycle  run-out  were  satisfied  with  maximum  stresses  just 
below  the  rated  (design  curve  value)  yield  strength.  At  1400  F,  the 
maximum  stress  had  to  be  reduced  an  additional  amount  below  yield 
to  obtain  consistent  run-out  at  10  cycles. 

Increased  cycling  speed  (1800  versus  3600  cpm)  at  1000,  1200, 
and  1400  F  produced  no  reduction  in  fatigue  life. 

b.  Stress  Ratio  A=0.  67  (Figure  220  to  228) 

Room  temperature  S/N  data  for  this  stress  ratio  was  obtained 
with  a  minimum  of  tests  because  of  incorrect  loads  applied  throught  part 
of  the  testing.  All  tests  represent  maximum  stresses  above  the  0.2  per 
cent  yield  strength. 

Elevated  temperature  fatigue  performance  was  obtained  from 
400  to  1800  F  in  200  F  increments.  Maximum  stresses  for  all  t^ests 
were  held  below  the  yield  strength.  Stress  to  cause  run-out  at  10 
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cycles  {minimum)  were  determined  for  all  temperatures  except  180O°F. 
c.  Stress  Ratio  A=0.98  (Figure  233  to  237) 


The  bulk  of  specimens  at  ambient  temper  a  tui'  e  were  again  run 
above  the  rated  (design  curve  value)  yi^ld  strength.  Some  data  was 
obtaine  1  below  yi  e  Id  establishing  a  10  cycle  run-out.  Tests  performed 
at  600,  1000,  1400,  and  1800  °F  yielded  valid  10°  cycle  lives. 


6. 9.  2.  2  0.  080  Inch  Sheet  Transverse 


a.  Stress  Ratio  A? 0.  25  (Figure  218,  219) 

All  tests  were  performed  above  the  rated  0.  2  per  cent  yield 
strength.  Therefore,  a  comparison  with  0.040  inch  sheet  material  was 
not  possible. 

b.  Stress  Ratio  A^0.67  (Figure  229,  230) 

Both  ambient  and  elevated  temperature  tests  with  the  exception 
of  1600  F  were  conducted  above  the  rated  0.2  per  cent  yield  rlrength. 
Elevated  temperature  testing  employed  only  a  single  load  level  for  a 
given  temperature,  primarily  to  establish  correlation  with  0.040  inch 
gauge  material.  Actually,  due  to  the  excessive  maximum  stresses 
applied,  a  check  with  .040  inch  material  was  only  possible  at  1600  Ff 
where  0.080  inch  sheet  demonstrated  higher  fatigue  life. 

6. 9.  2. 3  One  Inch  Bar  A=.  67  (Figures  231,  232) 

a.  All  tests  for  ambient  and  elevated  temperature  were  run  above 
the  rated  0.2  per  cent  yield  strength.  S/N  data  at  seven  stress  levels 
was  obtained  at  ambient  temperature  and  at  2-4  stress  levels  at  elevated 
temperatures. 

6.9.3  Inconel  702 

Inconel  702  was  examined  at  3  stress  ratios  (A=0.  25,  0.67, 
and  0.98)  over  the  room  temperature  to  1800  F  range.  Transverse 
specimens  in  0.040  inch  sheet  were  used  exclusively. 

a.  Stress  Ratio  A=0.  25  (Figure  279  to  287) 

7 

An  ambient  temperature  endurance  limit  (10  cycles)  was  obtained 
at  85  ksi.  S/N  data  was  produced  only  for  this  temperature.  The  85  ksi 
value  represents  the  0.2  per  cent  yield  strength,  hence  all  data  on  this 
plot  were  obtained  after  some  degree  of  plastic  deformation  of  the  specimen. 

Elevated  temperature  properties  were  checked  at  a  single  load 
level  in  most  instances.  This  load  was  intended  to  be  a  practical  maximum 
held  just  below  the  0.  2  per  cent  yield  strength.  At  temperatures  of  600, 

1000,  1200  and  1800  F,  no  failures  were  encountered  at  10  cycles.  These 
tests  were  subsr  quently  discontinued. 
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^  At  1400°F  an  equivalent  value  of  stress  produced  failure  at 
10  cycles,  possibly  a  result  of  minimum  ductility  inherent  to  the 
alloy  at  this  temperature.  A  corresponding  reduced  life  was  observed 
in  creep  testing  where  deformations  greater  than  0.9  pc r  rent  could 
not  be  obtained  before  rupture.  The  majority  of  creep  specimens 
failed  in  the  0,3-0.  5  per  cent  deformation  range. 

The  effect  of  cycling  rate,  1800  versus  3600  CPM,  was  in¬ 
cluded  in  the  702  testing  although  not  originally  scheduled.  Testing 
at  3600  CPM  was  conducted  at  1000,  1200,  and  1400  F.  Comparative 
data  at  1000  and  1200  are  inconclusive  since  the  stress  levels  select¬ 
ed  for  the  higher  cycling  rate  were  excessively  low,  necessitating  dis¬ 
continuance  of  tests  without  failure  between  10  and  10  cycles.  At 
1400  F  where  failure  occurred  at  each  of  2  stress  levels,  the  3600  CPM 
rate  seemed  to  exert  only  a  minor  reduction  in  fatigue  life. 

b.  Stress  Ratio  A=0.  67  (Figures  288  to  296) 

The  room  temperature  S/N,  data  was  taken  both  above  and  below 
0.2  per  cent  yield  strength.  A  10  cycle  endurance  limit  was  obtained 
at  6‘  ksi. 

Elevated  temperature  tests  were  performed  from  400  to  1800  °F 
in  increments  of  200  .  Depending  on  a  specific  temperature,  data  was 
produced  for  maximum  stresses  both  higher  and  lower  than  rated  0.2 
per  cent  yield  strength  at  temperature. 

c.  Stress  Ratio  A=0.98  (Figures  297  to  301) 

As  in  testing  at  A=0.  67,  loads  equaling  or  exceeding  yield 
strength  at  temperature  were  employed  for  a  l^rge  portion  of  the  test¬ 
ing.  A  room  temperature  endurance  limit  (10  cycles)  of  58  ksi  was 
indicated. 

6.9.4  Incoloy  901 

Incoloy  901  was  evaluated  in  the  form  of  1.0  inch  diameter  bar^ 
stock  of  appropriate  intervals  between  ambient  temperature  and  1800  F. 
Stress  ratios  of  A-0.  67,  0.98,  2.  0  and  were  examined. 

The  majority  of  data  generated  for  the  901  alloy  was  not  influenced 
by  work  hardening  effects  incurred  by  applying  maximum  stresses  above 
yield  strength, 

a.  Stress  Ratio  A=0.67  (Figures  324  to  334’ 

Considerable  overlap  is  evident  in  testing  within  the  400-1200  °F 
range.  Data  for  these  temperatures  reveal  slightly  superior  performance 
over  the  room  temperature  plot,  understandable  in  view  of  the  constant 


137 


yield  strength  and  increasing  ductility  up  to  1200°F. 

The  first  obvious  reduction  in  fatigue  l^ie  was  observed  at 
1400°F  at  the  low  cycle  end  of  the  plot.  At  10  cycles,  the  maximum 
«tresg  was  equivalent  to  that  or  room  temperature.  Teals  a.1  1200  and 
1400  F  with  increased  cycling  rate  (3600  CPM)  resulted  in  insignifi¬ 
cant  changes  in  fatigue  life. 

b.  Stress  Ratio  A=0.98  (Figures  335  to  339) 

The  family  of  curves  developed  at  A=0.  9^  closely  resemble 
those  of  A=0,  67.  Data  overlap  occurred  to  1000  F  with  the  first 
substantial  drop  in  life  taking  place  at  the  low  cy defend  of  the  1400  F 
curve.  At  10°  cycles  all  data  from  ambient  to  1400  E,  tends  to  merge 
to  what  is  apparently  a  common  endurance  limit  at  10  cycles. 

c.  Stress  Ratio  A=2.0  (Figures  340  to  344) 

A  minimum  of  data  overlap  was  found  in  testing  at  A=2.  0. 

S/N  curves  plotted  for  ambient,  600,  1000,  1400  and  1800  F  show 
fairly  clear  ce^paration,  particularly  at  low  and  intermediate  cycle 
ranges.  At  10°  cycles,  the  data  again  tended  to  converge.  A  clear 
picture  of  performance  was  not  obtained  since  tests  v/ere  not  con¬ 
ducted  beyond  10  cycles. 

d.  Stress  Ratio  A  =©o  (Figures  345  to  349) 

The  S/N  curves  developed  for  A-  ©o  fell  into  the  same  tempera¬ 
ture  relationship  as  found  fo^A=2.0  possessing  good  low  cycle  sepa¬ 
ration  and  convergence  at  10°  cycles.  A  room  temperature  endurance 
limit  was  defined  at  47  ksi. 
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DESIGN  MECHANICAL  AND  PHYSICAL  PROPERTIES  OF 


Condition 


Solution  Treated  and  Aged* 


Mechanical  Properties 
Ftu »  ksi 

Ftv,  ksi 


F  ,  ksi 
cy’ 


F  ,  ksi 

MM 

Fbru,  ksi 

(e/D  «  1.5) 
(e/D  *  2.0) 

Fbry»  k,i 

1  (e/D  «  1.5) 

(e/D  «  2.0) 
e>  per  cent 


E,  10°  psi 
Ec,  106  psi 
G,  106  psi 


Physical  Properties 
w,  lb/in.  ^ 

C,  Btu/(lb)(F) 

K,  Btu/[(hr)(£t2)(F)/ft] 
a,  10"®  in./ln./F 


#  Solution  Treat  -  1975oF  for  l/2-hour  -  Wats#  Quench 
Age  -  lhOOoF  for  16-hours  -  Air  Cool 
1  Bearing  Results  based  on  plate  only 
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Strom,  QOOJ  in/m 


Typical  tensiie  stress  versus  strain  curves  for  Rene*  'll  alloy 
sheer  reduced  to  ’A*  basis.  Transverse  direction  only. 


Stress,  1000  ps: 


Per  Cent  at  Room  Temperature  P»r  Cent  rtu  at  Room  Temperature 


Temperature,  F 


Effects  of  exposure  temperature  on  elevated  temperature  ult¬ 
imate  tens  11s  strength  (Ftu)  °t  Rons'  Ul  alloy  foil,  trans¬ 
verse  direction.  Exposure  up  to  1000-hours. 


Temperature,  F 


Effects  of  exposure  temperature  on  elevated  temperature  ten¬ 
sile  yield  strength  (Fty)  of  Rone*  Ul  alley  foil,  transverse 
direction.  Exposure  up  to  lOOO-hanrs. 
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Per  Cent  f^-  of  Room  Temperature  Per  Cent  "*>■  ot  Room  Temperature 


Effect  of  exposure  temperature  on  room  temperature  ultimate 
tensile  strength  (Ftu)  of  Rene’  ijl  alloy  foil,  transverse 
direst  ion.  Exposure  up  to  1000-hours, 


Effect  of  exposure  temperature  on  room  temperature  tensile 
yield  strength  (Fty)  of  Rene'  Ul  alloy  follt  transverse 
direction.  Exposure  up  to  1000-hours. 
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Per  Cent  y.  at  Room  Temperature  P*  Cent  Ftu  of  Room  Temperature 


800  1000  1200  1400  1600  1800 

Temperature,  F 


Effect  of  exposure  temperature  on  elevated  temperature  ulti¬ 
mate  tensile  strength  (Ftu)  Rene'  alloy  sheet,  trans¬ 
verse  direction.  Exposure  up  to  1000-hours. 


Effect  of  exposure  temperature  on  el ev*!„ed  temperature  ten- 
eile  yield  strength  (Fty)  uf  Rene'  1(1  alloy  sheet,  trans¬ 
verse  direction.  Exposure  up  to  1000-hours. 


4M 


at  Room  Temperature  Par  Cent  Ft  at  Roam  Temjserature 


EXPOSURE  up  TO  1000  HRS.. 
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Temperature,  F 

Effects  of  exposure  t.o  temperature  on  room  temperature  ultimate 
tensile  strength  (F  )  cf  Rene'  hi  alloy  sheet,  transverse 
direction.  Exposure Lup  to  1000-hours. 


c  20 
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Hi 


Temperature,  F 

Effects  of  exposure  temperature  on  room  temperature  tensile 
yield  strength  ( F.  )  of  Rene'  hi  alloy  sheet,  transverse 
direction.  Exposure  up  to  1000-hours. 


Per  Cent  ?rx.  of  Room  Temperature  C®nt  Fcy  Qf  ^°°m  Temperature 


Effect  of  exposure  temperature  on  room  temperature  compression 
yield  strength  (F^)  of  Rene'  1*1  alloy  sheet,  transverse  direc¬ 
tion*  Exposure  up  to  1000-hours. 


Effect  of  exposure  temperature  on  elevated  temperature  com¬ 
pression  yield  strength  (Fcy)  of  Rene'  1*1  alloy  sheet,  trans¬ 
verse  direction.  Exposure  up  to  1000-hours. 
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P»r  Cent  Fh^  at  Room  Temperature  Per  Cent  Fbru  ot  Room  Temperature 


Effect  of  temperature  on  the  ultimate  bearing  strength  (Fbru) 
of  Rene*  1*1  alloy  sheet.  Exposure  up  to  3,/2-hour.  e/D  -  2.0o 
Longitudinal  direction  only. 


Temperature,  F 

Effect  of  temperature  on  the  bearing  yield  strength  (Fbry) 
of  Rene'  Ul  alloy  sheet.  Exposure  up  to  1/2-hour.  e/D  ■  2.0. 
longitudinal  direction  only. 


Per  Cent  ?bry  of  Room  Temperature  Per  C®nt  ^bru  ot  Roorn  Temperature 


Effect  of  temperature  on  the  ultimate  bearing  strength  (Fy^) 
of  Rene'  Ul  alloy  sheet*  Exposure  up  to  l/2-hour,  e/D  ■  2.0, 
Transverse  direction  only. 


Effect  of  temperature  on  the  bearing  yield  strength  (Ffcry)  of 
Ren#'  Ul  alloy  sheet.  Exposure  up  to  l/2-hour.  e/D  ■  2.0, 
Transverse  direction  only. 


Per  Cenf  Fbry  ot  Room  Temperature  Per  CentFbru  at  Room  Temperature 
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..EXPOSURE  UP  to '  1000  HRS. 
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temperature,  F 

Effect  of  exposure  temperature  on  elevated  temperature  bear 
ing  ultimate  strength  (Fbru)  of  Rene’  hi  alloy  sheet,  tram 
verse  direction,  for  e/D  -  1,5.  Exposure  up  to  1000-hours. 


200  400  600 


Temperature,  F 


iOOO  1200 


Effect  of  exposure  temperature  on  elevated  temperature  bear- 

3ty*ngt^  ^ry)  of  Rene1  U  alloy  sheet,  transverse 
direction,  e/D  -  1.5.  Exposure  rp  to  1000-hours. 


Per  Cent  f.  at  Room  Temperature  P&  ^  c*  Room  Temperature 


Temperature,  F 


Effect  of  expccure  terrier  3  tur«  on  rocm  temp  nr  a. lure  bearing 
ultimate  strength  ( F.  )  of  Ren<»>  M  alloy  sheet,  transverse 
direction,  for  e/D  »bi^5.  Exposure  up  to  1000-hours. 


Temperature,  F 

Effect  ol  exposure  temperature  cn  rccsr!  temperature  bearing 
yield  strength  (?v,ry)  °f  Kene'  kl  alloy  sheet,  transverse 
direction,  for  e/D  »  1.5.  Exposure  up  tc  1000-houre . 
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Percent  f  at  Room  Temperature  Per  Cent  f£>j  ot  Room  Tempera  ure 


Temperature,  P 

Effect  of  exposure  temperature  on  room  temperature  shear  ul¬ 
timate  strength  (Fsu)  of  Rene'  itl  alloy  sheet  transverse  di¬ 
rection.  Exposure  up  to  1000-hour 3. 


Effect  of  exposure  temperature  on  elevated  temperature  shear 
ultimate  strength  (Fsu)  of  Rene'  Ul  alloy  sheet,  transverse 
direction.  Exposure  up  to  1000-hours. 
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Per  Cent  F  at  Room  Temperature  Per  Cent  F  at  Room  Temperature 


Effects  of  temperature  on  ultimate  tensile  strength  (Ft,u)  of 
R#»ne 1  i|l  alloy ^  barv  pi  a+.«  and  forging]  tran«»<>r!'*  snd  long¬ 
itudinal  directions. 


Effects  of  temperature  on  tensile  yield  strength  (F^y)  of 
Rene*  U1  alloy  bar,  plate  and  forging;  transverse  and  long¬ 
itudinal  directions. 
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ir  uem  rfcru  of  Koom  fempererure 


ISSillliiitiiiiiiiiiiiii 


1/2  Hr.  Exposure  j;{j;;j 
^>1  re I'ji’l  h  .it,  ten i i > i *  r.i  i in- 1 


in  m  h 
:  i !  ’  i  i  I ! 


00  1600  1800 


Temperature,  F 


Effect  of  temperature  on  the  bearing  ultimate  strength  (Pbru) 
of  Rene'  m  ulloy  plate,  transverse  and  longitudinal  direct  it ns, 
e/D  »  1,5.  Exposure  up  to  1/2-hour, 
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Temperature,  F 


Effect  of  temperature  on  the  bearing  ultimate  strength  (F*bru) 
of  Rene*  1*1  alloy  plate,  transverse  and  longitudinal  directions 
e/D  ■  2,0,  Exposure  up  to  l/2-hour. 


Per  Cent  ?h  at  Room  Temperature 


Effect  of  temperature  on  the  bearing  yield  strength  (F^ry)  of 
Rene'  1*1  alloy  plate,  transverse  and  longitudinal  directions, 
e/D  -  1,5 •  Exposure  up  to  l/2-hour. 


Temperature,  F 


Effect  of  temperature  on  the  bearing  yield  strength  (Ffcry)  of 
Rene'  Ul  alloy  plate,  transverse  ana  longitudinal  directions, 
e/D  -  2,0,  Exposure  up  to  1/2-ho’vr, 
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0  200  400  600  800  1000  1200  >400  1600  (  600 


Temperoture,  F 


Thu  effect  of  temperature  on  the  clastic  moduli,  i‘-  and  Ki  , 
of  Rene 1  41  alloy  . 


SECTION  VIII  -  MIL-HDBK-5  DATA  PRESENTATION 


8.  ?  MATERIAL,  L-605 
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DESIGN  MECHANICAL  AND  PHYSICAL  PROPERTIES  OF 


TABLE 


TABLE  DESIGN  MECHANICAL  AND  PHYSICAL  PROPERTIES  OF 


Alloy 

t  /  t\  r- 

JU“  U  V  ) 

Form 

4  - 

J,  i«UC  , 

13  a  i  and 

1  f  U!  gi  rig 

Condition 

Solution  Treated 

DIRECTION 

L 

T 

Basis 

A 

R 

A 

B 

Mechanical  Proparties 

Ftu,  k,i 

133 .7 

136.9 

130.6 

134.8 

Fty,  hsi 

60.2 

63.6 

56.2 

62.1 

r  ,  ksi 

5  8.3 

61 . 6 

53.7 

59.3 

cy 

rsu'  k#i 

Fbrn. 

98.1 

100.5 

95  .9* 

(e/D*  1.5) 

(e/D  -  2.0) 

1  84 .0 

189  .9 

rbrv'  kii 

7  (e/D  -  1.5) 

96.9 

(e/D -2.0) 

HHHH 

m,  per  cent 

mi 

E,  106  psi 

32.9 

32.9 

E„,  10^  psi 

30 . 8 

30.8 

G,  10^  psi 

Physical  Properties 
lb/in,  ^ 

C,  Btu/(lb)(F) 

K,  Btu/[(hr)(ftz)(F)/£t] 

a ,  10" 6  ln./in./F 

*  Tentative  for  Bar 
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Page  469  has  been  eliminated  data  incorporated  on  Table,  page  46H. 


Per  Cent  F  Qt  Room  Temperature  Per  Cent  Ftv  ot  Room  Temperature 


Effect  of  exposure  time  on  the  elev&ted  temperatvire  ultimate 
tensile  strength  (F^,u)  of  L-605  alloy  foil.  Exposure  up  to 
1000-hours.  Transverse  direction  only. 


Effect  of  exposure  time  on  the  elevated  temperature  tensile 
yield  strength  (Fty)  of  L-605  alloy  foil.  Exposure  up  to 
1000  hours.  Transverse  direction  only. 
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Per  Cent  f  0t  Room  Temperature  Per  Cent  Fru  at  Room  Temperature 


Effect  of  exposure  at  elevated  temperature  on  the  room  temper¬ 
ature  ultimate  tensile  strength  (F^u)  of  L-605  alloy  foil. 
Exposure  up  to  1000-houra.  Transverse  direction  only. 


Effect  of  exposure  at  elevated  temperature  on  the  room  temp¬ 
erature  tensile  yield  strength  (Ff.y)  of  L-605  alloy  foil. 
Exposure  up  to  1000-hours.  Transverse  direction  only. 
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Per  Cent  f  at  Room  Temperature  Per  Cent  Ftu  at  Room  Temperature 


Temperature,  F 


Effect  of  exposure  time  on  the  elevated  temperature  ultimate 
tensile  strength  (F^u)  of  L-60*>  alloy  sheet.  Exposure  up  to 
1000-hours. 


Effect  of  exposure  time  on  the  elevated  temperature  tensile 
yield  strength  (F^y)  of  L-605  alloy  sheet.  Exposure  up  to 
1000-hours . 
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per  Cent  f\  at  Room  Temperature  Per  Cent  Ftu  at  Room  Temperature 


Temperature,  F 


Effect  of  exposure  at  elevated  temperature  or  the  room  temper¬ 
ature  ultimate  tensile  strength  (Ftu)  of  L-6C5  alloy  sheet. 
Exposure  up  to  ICOO-hours. Transverse  direction  only. 


Effect  of  exposure  at  elevated  temperature  on  the  room  temper¬ 
ature  tensile  yield  strength  (Fty)  of  L-60!?  alloy  sheet.  Ex¬ 
posure  up  to  1000-hours.  Transverse  direction  only. 
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Par  Cent  FCy  of  Room  Temperature 
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+++HH41H44HH4H 


liigf|gg|8|l|ttg| 

■  ics||l|»i  I 

Hits 


iim 

•••fee* 


r:»: 


[uMHelnuiMMaa 

I isaciaai! 

I ■■■■••■III ■ 

I  . cB 

I *5*5 f if •••»•■ 

I. lifiiiifiia* 

I ■■■■■■•■aifta 

.  . . . 

I  ■■•■•■•ai  |anl 

hH"" ■•lllifir*  i  iaa&aa, 

I  **■■•"•••■»•  •  •■■■■MMMgjH 

I  iiainaMimaiMaMMigJ 

I  . . . 

■■•■■■•iiiiaioviiHIMHPMB  I  MMMMM 

T  iaiiaaillaaMaa 
LiaMBaaaaaM»eaaaiifiiH«liBlil  Kfiieia.gi ■«•■«■« 

aaaaaaaaaataaaaaaaaa I *999 9 f 
■  aaaaaaasa«la#*ii*iaaaflliaaaa 


■Kit! : 

lilii 


||aaraaaiaaaaa|aaaai 

HMf  •«aiaiHiialial 


n 


iMMiaaiaaaaaaaiaaaaaiBataiaaiaaaaaiiaaiiaBaaatae 
■■■■■■••■•••■•••■•aaaaaaa  a  ■•aauaaflaaaaaiaaaaaaBaa 

- -  .  B-j( - ■ - 


Temperature,  F 


Effect  of  exposure  at  elevated  temperature  on  the  room  temper 
ature  compressive  yield  strength  (Fcy)  of  L-60$  alloy  sheet. 
Exposure  up  to  1000-hours.  Transverse  direction  only. 
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EXPOSURE  UP  TO  1000  HRS 
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Temperature,  F 


Effect  of  exposure  time  on  elevated  tempe  ature  compressive 
yield  strength  (Fcy)  of  L-605  alloy  sheet.  Exposure  up  to 
1000-hours.  Transverse  direction  only. 


Effect  of  exposure  time  on  the  elevated  temperature  bearing 
ultimate  strength  (Fpru)  of  L-605  alloy  sheet,  Exposure  up 
to  1000-houra.  e/D  »  1.5.  Transverse  direction  only. 
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Temperature,  F 

Effect  of  exposure  time  on  the  elevated  temperature  bearing 
yield  strength  (Fbry)  of  h-605  alloy  sheet.  Exposure  up  to 
1000-hours.  e/D  *  1.5.  Transverse  direction  only. 
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Temperature,  F 


Effect  of  exposure  at  elevated  temperature  on  the  room  temper¬ 
ature  bearing  ultimate  strength  (F^™)  of  L-605  alloy  sheet. 
Exposure  up  to  1000-hours,  e/D  -  1.5.  IPansverse  direction 
only. 


Effect  of  exposure  at  elevated  temperature  on  the  room  temper¬ 
ature  bearing  yield  strength  ^Fbry)  of  L-605  alloy  sheet.  Ex-  (  | 

posure  up  to  1000-hours.  e/D  -  1.5 .  Transverse  direction 
only. 


Percent  *'s at  Room  Temperature  PerCent  psu  at  Room  Temperature 


Effect  of  temperature  on  shear  ultimate  strength  (Fsu)  of 
1.-60*,'  alloy  sheet.  Exposure  up  to  J/2-hour. 


Effect  of  exposure  time  on  the  elevated  temperature  shear 
ultimate  strength  (Fsu)  of  L-605  alloy  sheet.  Exposure 
up  to  1000-hours, 
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Temperature,  F 


Effect  of  temperature  on  the  ultimate  tensile  strength  (Ftu) 
of  L-60G  alloy  plate,  bar  and  forgings.  Exposure  up  to 
1/2-hour, 


Effect  of  temperature  on  the  tensile  yield  strength  (F^y) 
of  L-6C5  alloy  plate,  bar  and  forgings.  Exposure  up  toJ 
1/2-hour. 


Temperature,  F 


Effect  of  temperature  on  the  compressive  yield  strength  (FCy) 
of  L-60S  alloy  plate,  bar  and  forgings.  Exposure  up  to  1/2- 
hour. 


Effect  of  temperature  on  the  shear  ultimate  strength  (Fgu)  of 
L-^0$  alloy  plate,  bar  and  forgings.  Exposure  up  to  l/2-hour 


Per  Cent  Fbruot  Room  Temperature  Per  Cent  Fbruot  Room  Temperature 


Fffect  of  temperature  on  the  bearing  ultimate  strength  (Fbru) 
of  L-605  alloy  plate.  Expoeure  up  to  l/2-hour.  e/D  -  1.5, 


Effect  of  temperature  on  the  bearing  ultimate  strength  (Fb  ) 
of  L-605  alloy  plate.  Exposure  up  to  l/2-hour.  e/D  «  2,8™ 


4b0 


Per  CentFbry  at  Room  Temperature  Per  Cent  Fbryot  Room  Temperature 


Temperature,  F 


Effect  of  temperature  on  the  bearing  yield  strength  (Fbry)  of 
L-608  alloy  plate.  Exposure  up  to  l/2-hour.  e/D  ■  1.8. 


Effect  of  temperature  on  the  bearing  yield  strength  (F^ry)  of 
L-6C6  alloy  plate.  Exposure  up  to  l/2-hour.  e/D  -  2,0* 


481 


Stress,  1000  psi 
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Strain ,  0.001  in./in. 


Typical  tana  11*  stress  vs.  strain  curves  for  L-605 
alloy  sheet.  Transverse  direction  only. 
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Stress,  1000  psi 


m>n9M 


|shsk»5?S55ss£ssssssssssssS! 

Esssfifi”  •sssssss?s:::SisssJM 


■russsssssshsssssHH 

SS!!!2S"SS5SS""!-§ii-ml 


•HHiS-mSSsSR! 


Strain,  0001  in  /in 


Typlc*l  compressive  stress  vs,  strain  curves  for  L-60$ 
alloy  sheet,  l^ansverse  direction  only. 
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The  effect  of  temperature  on  the  elastic  moduli,  E  and  Ec  ,  of 
E-605  alloy . 
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SECTION  VIII  -  MlL-HDBK-5  DATA  PRESENTATION 


8.3  MATERIAL,  INCONEL  702 


TABLE  DESIGN  MECHANICAL  AND  PHYSICAL  PROPERTIES  OF 


Alloy 

Inconel  702 

Farm 

ak...  /  ^  *  */?-  1  Q*»«\ 

U  *  V  M  \  #  VbW  <»•  w  **w|  / 

Condition 

Sr»1  ijt.lon  Treet-ed  and  Aged 

DIRECTION 

L 

T 

Bn  sin 

Tentj 

A 

at  ire 

B 

IB 

Mechanical  Proportion 

I*tu' 

F |yi  kni 

r  ,  km 
cy 

F  ,  koi 

flu1 

Fbru*  k#i 

(o/O  -  1.5) 

(o/D  >  2.0) 

y  (o/D  -  1.5) 

(o/D  «  2.0) 

o.  por  coot 

12$. 6 

67. U 

67.6 

9U.5 

191.7 

23U.7 

103.6 

129.3 

128.3 

69.5 

71.7 

9U.U 

190.8 

2U1.3 

105.8 

128.7 

13U.U 

75.7 

78.1 

98.9 

199.9 

2 52.8 

115.3 

1U0.2 

E,  1J6  pal 

Ec,  106poi 

G,  106  poi 

32.6 

32.0 

Physical  Proportion 

Wi  lb /in,  ® 

C,  Btu/(lb)(F) 

K,  Btu/[(hr)(ft2)(F)/ft] 
a,  10*®  ln./in./F 
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Per  Cent  ?.  at  Room  Temperature  Per  Cent  Ftu  at  Room  Temperature 


Effect  of  exposure  temperature  on  the  derated  temperature 
ultimate  tensile  strength  (Ftu)  Inconel  702  alloy  foil, 
Transverse  direction.  Exposure  up  to  1000-hours. 


Effect  of  exposure  temperature  on  the  elevated  temperature 
tensile  yield  strength  (Fty)  Inconel  702  alloy  foil, 
Transverse  direction.  Exposure  up  to  ICOO-hours . 
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Per  Cent  Ftv  at  Room  Temperature  Ftu  ot  Room  Temperature 


Effect  of  exposure  temperature  on  room  temperature  ultimate 
tensile  strength  (F^u)  of  Inconel  702  alloy  foil,  transverse 
direction.  Exposure  up  to  1000-hours. 


1400  1600  1800 


Temperature,  F 


Effect  of  exposure  temperature  on  room  temperature  tensile 
yield  strength  (F^  )  of  Inconel  702  alloy  foil,  transverse 
direction.  Exposure  up  to  1000-hours. 
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Temperature,  F 


Effect  of  exposure  temperature  on  the  elevated  temperature 
ultimate  tensile  strength  (Ftu)  of  Inconel  702  alloy  sheet, 
transverse  direction.  Exposure  up  to  1000-hours, 


Temperature,  F 


Effect  of  exposure  temperature  on  the  elevated  temperature 
tensile  yield  strength  (Fty)  of  Inconel  702  alloy  sheet, 
transverse  direction.  Exposure  up  to  1000-Hours. 
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Per  Cent  Fty  of  Room  Temperature  Per  Cent  F^  at  Room  Temperature 


Temperature,  F 


Effect  of  exposure  temperature  on  the  room  temperature  ulti¬ 
mate  tensile  strength  (F^u)  of  Inconel  702  alloy  sheet,  trans¬ 
verse  direction.  Exposure  up  to  1000-hours. 


Effect  of  exposure  temperature  on  the  room  temperature  ten¬ 
sile  yield  strength  (Fty-  of  Inconel  702  alloy  sheet,  trans¬ 
verse  direction.  Exposure  up  to  1000-hours. 
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Per  Cent  f_  of  Room  Temperature  Per  Cent  fcv  at  Room  Temperature 


Effect  of  temperature  on  the  compression  yield  strength  (FCy) 
of  Inconel  702  alloy  sheet,  transverse  and  longitudinal  di¬ 
rections.  Exposure  up  to  1/2-hour. 


Temperature,  F 

Effect  of  exposure  temperature  on  room  temperature  compression 
yield  strength  ( Fey)  of  Inconel  702  alloy  sheet,  transverse 
direction.  Exposure  up  to  1000-hours. 


Per  Cent  F  of  Room  Temperature 


Temperature,  F 


Effect  of  exposure  temperature  on  elevated  temperature  on 
elevated  temperature  compression  yield  strength  (Fey)  of 
Inconel  702  alloy  sheet,  transverse  direction.  Exposure 
up  to  1000-hours. 
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Per  Cenf  Ftru  at  Room  Temperature  Per  Cent  Ffcru  at  Room  Temperature 


Effect  of  temperature  on  the  bearing  ultimate  strength  (Fbru) 
of  Tnconel  702  alloy  sheet,  transverse  and  longitudinal  di¬ 
rections,  e/B  »  1.^,  Exposure  up  to  l/2-hour. 


Effect  of  temperature  on  the  bearing  ultimata  strength  (Fbru'' 
of  Inconel  702  alloy  sheet,  transverse  and  longitudinal  di¬ 
rections,  e/D  *  2. C-  Exposure  up  to  l/2-hnur. 
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Per  Cent  ?.  ot  Room  Temperature  Per  Cent  Fbru  ut  Room  Tempeioture 


Temperature,  F 


Effect  of  exposure  temperature  on  the  elevated  temperature 
bearing  ultimate  strength  (Ebru)  of  Inconel  702  alloy  sheet, 
transverse  direction,  e/D  ■  1.5.  Exposure  up  to  1000-hours. 


Temperature,  F 

Effect  ol’  exposure  temperature  on  elevated  temperature  bear¬ 
ing  yield  strength  (Ffapy)  of  Inconel  702  alloy  oheet,  trans¬ 
verse  direction,  e/D  ■  1,5.  Exposure  up  to  1000-hours. 
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Per  Cent  Fv,—  of  Room  Temperature  Per  Cent  Fbni  at  Room  Temperature 


200  400  600  600  1000  1200  1400  1600  1800 

Temperature,  F 

Effect  of  exposure  temperature  on  the  room  temperature  bear¬ 
ing  yield  strength  (Fbry)  Inconel  702  alloy  sheet,  trans¬ 
verse  direction,  e/D  -  l„5.  Exposure  up  to  1000-hours. 


Effect  of  exposure  temperature  on  the  room  temperature  shear 
ultimate  strength  (F8U)  of  Inconel  702  alloy  sheet,  transverse 
and  longitudinal  directions.  Exposure  up  to  1000-hours. 


Effect  of  exposure  temperature  on  the  elevated  temperature 
shear  ultimate  strength  (Fail)  of  Inconel  702  alloy  sheet, 
transveree  and  longitudinal  directions.  Exposure  up  to 
1000-hours • 


Typical  tensile  stress  vs,  strain  curves  for  Inconel  702 
alloy  sh<--et.  Transverse  direction  only. 
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Stress,  iOOO  psi 
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1/2  Hr,  Exposure 
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Strom,  0,001  in./in 


Typical  compressive  stress  vs.  strain  curves  for  Inconel 
702  alloy  sheet.  Transverse  direction  only. 
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flt  Room  Temper  if  ure 


Tlie  effect  of  temperature  on  the  elastic  moduli,  E  and  Ec,  of 
Inconel  7  02  alloy 
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SECTION  VIII  -  MIL-HDBK-5  DATA  PRESENTATION 


8.4  MATERIAL,  INCGLOY  901 


TABLE 


DESIGN  MECHANICAL  AND  PHYSICAL  PROPERTIES  OF 


Alloy 

Incoloy  901 

Form 

Forging 

Bar 

Condition 

Solution  Treated  and  Double  Aged 

DIRECTION 

L 

_ 1 

T 

T 

Baaia 

mm 

A  B 

Tentative 

A  I  3 

TABLE 


DESIGN  MECHANICAL  AND  PHYSICAL  PROPERTIES  OF 


Alloy 

I  ncoloy  901 

Form 

Bar 

Condition 

Solution  Treated  and  Double  Aged 

DI  RECTION 

L. 

T 

Basis 

A 

B 

A 

B 

Mechanical  Properties 

Ftu,  kei 

162.2 

168.0 

148.4 

153.7 

Fty,  ksi 

101  .7 

111.1 

95.8 

104.7 

F  ,  ksi 

cy 

102.1 

111.5 

F  ,  ksi 

i 

99.1* 

102.7* 

Fbru,  ksi 

(e/D  *  1.  5) 

j 

1 

(e/D  *  2.0) 

Fbry’  k,i 

(e/D  «  1.5) 

| 

(e/D  «  2.0) 

e,  per  cent 

i 

E,  106  psi 

29 

.9 

Ec,  106  psi 

G,  106  psi 

29 

.9 

Physical  Properties 
w,  Ib/in.  ^ 

C,  Btu/(lb)(F) 

K,  Btu/[<hr)<ft2){F)/ft3 
a,  10‘6  in./in./F 

*  Tentative 
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Per  Cenf  Ftv  at  Room  Temperature  Per  Cent  Ft  at  Room  Temperature 


Temperature,  F 


Effect  of  exposure  temperature  on  the  elevated  temperature 
ultimate  tensile  strength  (F^u)  of  Incoloy  901  alloy  bar, 
longitudinal  direction.  Exposure  up  to  1000-hours. 


Effects  of  exposure  temperature  on  the  elevated  temperature 
tensile  yield  strength  (Fty)  of  Incoloy  901  alloy  bar,  long¬ 
itudinal  direction.  Exposure  up  to  1000-hours. 


5  03 


Per  Cent  f,_  at  Room  Temperature  Psr  Cent  p  at  Room  Temperature 


Temperature,  F 


Effect  of  exposure  temperature  on  the  room  temperature  ulti¬ 
mate  tensile  strength  (F^u)  of  Incoloy  901  alloy  bar;  long¬ 
itudinal  direction,  ftcpijsure  up  to  1000-hours. 


Temperature,  F 

Effect  of  exposure  temperature  on  the  room  temperature 
tensile  yield  strength  (F^y)  of  Tncoloy  b01  alloy  bar, 
longitudinal  direction.  Exposure  up  to  lOOO-houra. 


■S04 


Per  Cent  F_„  of  Rocm  Temperature  Per  Cent  F  at  Room  Temperature 


Temperature,  F 

Effect  of  tanperature  on  the  compression  yield  strength 
(Fcy)  of  Incoloy  901  alloy  bar,  longitudinal  and  transverse 
directions*  Exposure  to  l/2-hc;ir. 


Effect  of  temperature  on  the  shear  ultimate  strength  (Fgu)  of 
Incoloy  901  alloy  bar,  longitudinal  and  transverse  directions. 
Exposure  to  l/2-hour. 


5  05 


Stress,  1000  ps: 


250nrvrt 


200 


150 


100 


Hr.  Exposure 


4  o 

Strain,  0001  in /in. 


Typical  tensile  stress  VS  strain  curves  for  Incoloy  901  alloy  brr 
reduced  to  'A'  basis.  Longitudinal  direccion  only. 
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Stress,  1000  ps: 


1/2  Hr,  Exposure 
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Strain,  0001  in  /in. 


Tvpical  compressive  stress  VS  strain  curves  for  Incoloy  901 
alloy  bar  reduced  to  'A1  basis,  Longitudinal  direction  only. 
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The  effect  of  tempo rature  on  the  elastic  moduli,  E  and  Ec,  on 
Incoloy  901  alley. 
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"Determination  of  the  Effects  of  Elevated  Temperature  Material  Properties 
of  Several  High  Temperature  Alloys",  ASD-TDR-61-529  June  1962 
Southwest  Research  Institute,  AF33(616)-7056  by  M.M.  Lemcoe  &  A.  Trevino 

Page  85  thru  89  -  Table  20 

Page  248,  Appendix  III 

Page  249  thru  252,  Figures  149  thru  156 

"Investigation  of  the  Effects  of  Rapid  Loading  and  Elevated  Temperatures 
on  the  Mechanical  Properties  of  Compressive  and  Column  Members," 

ASD-TR-6 1 -499  July  1961,  Marquardt  Corp. ,  AF33(616)-7345,  by  P.R.  Dioguardo 
6  R.D.  Lloyd 

Page  17  -  Table  III 

"Effects  of  Severe  Thermal  and  Stress  Histories  on  Material  Strength-Rate 
Process  Theory  Approach  A1S1301  Extra  Hard,  Phl5-7  Mo  RH,  Rene  41,  7075-T6", 
ASD-TR-6 1-194  January  1962,  Northrop  Corp.,  AF33(616)-5769,  by  C.D.  Brown¬ 
field  &  D.R.  Apodaca 

Page  23 

"Effect  of  Creep-^posure  on  Mechanical  Properties  of  Rene*  41,"  ASD-TR-61-73, 
August  1961,  University  of  Michigan,  AF33 (616) -6462 ,  by  J.V.  Gluck  and 
J.U.  Freeman 

Page  3?  -  Table  2 

"Structural  Damage  in  Thermally  Cycled  Rene' 41  and  Astroloy  Sheet  Materials", 
DMIC  Report  126,  February  1960,  Battelle  Memorial  Institute,  by  D. P.  Moon, 
J.A.  VanEcho,  W.P.  Simmons  &  J.F.  Baker 

"Materials  Property  Data  Compilation  -  Part  I  -  Rene' 41  Sheet  and  Strip", 
AF33(657)-8017,  General  Electric  Co.,  Cincinnati,  Ohio,  May  1962  by 
H.G.  Popp 

Page  A. 14.2  and  A. 16.2 

"Gas  Atmosphere  Effects  on  Materials",  WADC  59-511,  June  1959,  General 
Electric  Co.,  Evendale,  Ohio,  AF33(616)-5667  by  R.A.  Baughman 

"Tensile  and  Creep  Properties  of  0.010  and  0.050  Inch  Rene’ 41  Alloy  Sheet 
from  Room  Temperature  to  2000°F",  Report  #PR281-1Q-1,  Marquardt  Corp., 
AF33(657)-8706,  by  R.C.  Kay 

Page  10  and  13  -  Tables  VII  and  X) 

"Presentation  of  Creep  Data  for  Design  Purposes",  ASD-TR-61-216,  Boeing 
Airplane  Co.,  AF33(616)-7201,  June  1961,  by  M.N.  AArnes  &  M.M.  Tuttle 

Page  101  -  Table  2 
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10.  " Invest igat Ion  of  Mechanical  Properties  of  Rene' 41",  April  1962,  ESRMR  137, 
Republic  Aviation  Corporation,  by  C.  Shaver 

Page  3  -  Table  1 

11.  "Creep  Rupture  Properties  of  Six  Elevated  Temperature  Alloys",  WADD-TR-199, 
August  1962,  New  England  Materials  Laboratory,  by  J.  McBride,  B.  Mulhern, 

R.  Widmer 

12.  "Manufacturing  Methods  for  Hot  Structures",  Report  #2-17059,  Boeing  Airplane 

Co.,  September  1959,  by  J.  Claus,  D.  Meredith  &  F.  Sutch 
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